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The Movement of Water in Irrigated Soils. 
By!. A. W.idtsoe and W. W. McLaughlin. 
A. INTRODUCTORY. 
1. Introduction. 
This bulletin embodies a part of the data secured in the irrigation in-
vestigations of this Station. It aims to contribute something to our knowl-
eqge of the movement of water in irrigated soils .' The science of irrigation 
can not well be built until the laws involved in the mutual relationships of 
waters, soils and crops are understood with fair accuracy. Much has 1;>een 
done by numerous investigators, during the last fifty years, to give a clearer 
comprehension of the movement of soil ·moisture; but 'the field experiments ' 
have dealt largely with saturated soils, and the laboratory experiments have 
seldom taken account of the special conditions under which irrigation is 
practiced: The experiments ~ere reported were all conducted under field 
conditions and on irrigated soils. The results were obtained in the field; 
the unsaturated condition characteristic of irrigated fields prevailed through-
out; and the water movements were followed to a much greater depth than . 
in the majority of reported investigations-these particulars characterize 
these investigations. 
Most of the work was done in the years 1902 and 1903; though some 
has been done every year since that time. The delay in publication is due 
to ch~nges in the personnel of the Station Staff which took place in 1905, 
nearly five years after a thorough-going, scientific series of irrigation 
studies had been undertaken by the Station, and while the immense amount 
of data was being digested for publication. 
Previous bulletins on irrigation published by the Utah Station are: 
*No. 24-Irrigation. 
*No. 26-Sub-irrigation vs.· Surface Irrigation. 
*No.29-Irrigation. Amount of Water to Use. 
200 
* o. 39- Farm Irrigation. 
*No. SO-Irrigation . . 
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*N o. 71-Carrying Capacitie s of Irrigation Canal s. 
* o. 80-Irrigation Investigations in 1901. 
*No. 86-The Right Way to Irrigate. 
*N o. 99-Irrigation and Drainage Inve tigation s, 1905-1906. 
o . lO4--The Storage of the Winter Precipitation in Soils. 
~o. lOS-Factor Influencing Evaporation and Transpiration . 
I o. lO6-The Movement and Production of Nitrates in Irrigated Soil. 
Circular o. 2.-Memoranda of Plans for Irrigation Investigations. 
Circula r o. 4--Memoranda of Plans for Irrigation Investigation 
2. The History of th e Greenville Farm.-
U nless otherwise indicated, all the work herein reporte I was done on 
the Greenville Farm. This farm is located about 2 miles north of the Col-
lege Campus, in the Greenville district, and about 1;0 miles west of the 
mouth of Green Canyol). Its soil was formed during the days of Lake 
Bonneville, from the washings of Green Canyon . It is well out of reach 
of the great Logan delta. 
The western face of the range, from the rocks of which the soil was 
formed, is composed' of dolomitic limestone ; back in the canyon are mighty 
ledges of sandstone, shales and limestone . and at the head of the canyon 
the granite backbone of the range is exposed. The soil of the farm has been 
: produced from all the e rocks, but, owing to the sorting power of the waters 
of the Lake, the patticles are exceptionally uniform in size and nature. :\s 
Lake Bonneville sank and the water became concentrated, many of the 
materials held by the water crystallized out, and became part of the soil. 
The farm is thoroughly representative of the great majority of the valley 
soil within the Great Basin . The remarkable uniformity of the oil to g reat 
depths is very characteristic, and has been a very desirable feature in all the 
experimental work. 
s nearly as can be learned, the soil of the farm was fir~t broken a~out 
1875. The crops grown upon it from that time to 1894 are not known with 
certainty, but in ' all probability the land was devoted to wheat raising . In 
1894 it wa sown to alfalfa. In the fall of 1901 , the lucern was plowed up , 
and in the sprin CT all the loose roots, that could be gathered by the harrow 
and hand , were hauled off the farm, in order to make it pu 'sible to begin 
experimental work on the farm in the spring of 1902. 
*Out of print. 
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3. The Composition of th e Soil. 
Wells have been dug within a few rods of the farm , to a depth of 60 
feet, without obtaining water . There appeared, therefore, to be no probabil-
ity of ground water affecting the experimental results. 10 the eye and 
touch the soil is pr'llctically uniform to that depth. . 
To obtain samples for analysis,- foot sections of soil , to a depth of 8 feet , 
. were taken at twenty different points. The corresponding foot sections were 
mixed' to form composite samples representing the soil of , the first foot, 
second foot and so on. 
These composite samples were subjected to physical analysi , with re-
ult as shown in table No.1. 
T ABLE No. I-PHYSICA L COMPOSITION OF THE SOIL OF THE GREEN ILLE 
FARM (In per cents of fine matter ) . 
DEPTH IN FEET. I 1. I 2 I 3 I 4 I 5 I 6 1 7 1 8 
Coar e Sand ... · .. ·· ... .. 1 0.21 1 0. 171 0.681 1.021 0.09 1 0.34 1 0.47 1 0.09 
Medium Sand ..... . .. . .. 1 9.631 8.291 6.63 1 9.63 1 9.53 1 9.481 8.91 1 7.08 
F ine Sand ...... . ........ 130.04132.54129.49133.06136.92 133.79 135.34134.25 
Coarse Silt .............. 132.25 132.81 132.62 128.51 128.65 130.49 131.65132.65 
Medium Silt ............. 112.30110.46110.89 110.95 110.46110.85 1 9.92 1 9.89 
l'ine Silt .... ·. · . .. · .. ··· 1 6.25 1 4.81 1 7.27 1 6.941 4.85 1 5.861 5.561 5.84 
Clay . . . .. .. .......... · .. 1 7.62 1 7.12 110.13 1 7. 521 7.821 6.78 1 6.521 7.57 
.~ 10isture ... .. ...... · ... · 1 1.601 1.471 1.13 1 1.491 0.951 1.01 1 1.01 1 0.84 
Soluble and Lost. ....... ·. 1 0.101 2.33 1 1.161 0.83 1 0.73 1 1.401 1.421 1.99 
I I I I I I I I 
necific Gravity . ......... 1 2.671 2.72 1 2.801 2.691 2.761 2.79 1 2.71 1 2.76 
pparent Specific GravitY . . 1 1.23 1 1.271 1.301 1.291 1.331 1.341 1.39 1 1.35 
\\ ater Soluble Salts · .· ·.· 1 .061 .11 1 .141 .161 .081 .091 .15 1 .09 
It will be observed that the soil is practically constant in physical ~om­
po ition to the depth of 8 feet. The uniformity of the soil is further 
brOlwht out by the facts that the adjoining g roups of fine sand and coarse 
silt constitute over 60 per cent. of the soil, and that the adjoining g roups of 
fine sand. coarse and medium silt constitute nearly 75 per cent . of the oil 
This uniformity in the soil at different dept~1s is the result as already ex-
plained, of the relation of Lake Bonneville to the formation of the oil. 
Gravel i almost entirely absent. One cubic foot of the soil was found to 
weigh on the average 76 pounds. This weight is used in all the succeeding 
calculation '. 
The composite samples were also subjected to chemical analysi . ac-
cording ·to the methods of the ssociation of Official l gricultural Chemists. 
The result are hown in table o. 2. 
TAllLE No. 2.-CHEMICAL COMPOSITION OF THE SOIL OF THE GREENVILLE FARM . . 
Depth in Feet. .. ' ......... 1 1 2 3' 4 5 '6 7 -8 -
Xnsoluble Residue / 41.45 I 40) lsi ;15.57 (36 -1 / 31.6.'i t 39 16 / 40 . ~)() I 41 6 - /2~ .38 1 2~ ~212!). 22 I "9 64 / 30.57 ( 31 14 130. 33 ' 30 - -Soluble Silica .62 f -. . 8~ )·n .41 r ~ . .;5 f .,) 0.34 \ 0. ' 0.42 f ''' ' 0.57 \. 0.42 \ . (",) 
Potash ( K2 0) ...... · .. .. ·· .. 1 0.67 1 0.89 1 0.591 0.82 1 0.61 1 0.74 1 0.79 10:-75-
Soda ' (N a2 0 ) · .......... : .... 1 0.35 1 0.47 1 0.47 1 0.62 1~37-1 0.42 1 0.45 1 0.7 4 
Lime (Ca 0) ··· ............. 1 16.88 1 17.80 1 21.34 1 15.60 1 22.62 1 23.15 1 22.24 1 21.78 
Magnesia (Mg 0) ........... 1 6.10 1 9.46 1 7.57 1 7.48 1 9.36 1 · 5.89 I " 6.06 1 5.63 
Oxide of Iron (Fe2 0 3 ) ••••••• ! 3.03 1 2.69 1 3.46 1 2.95 1 2.17. 1 2.42 1 2.47 1 2.54 
Alumina (A12 0 3 ) • •••••••••• 1 5.64 1 4.69 1 3.40 1 6.09 1 5.33 1 8.07 1 7.90 i 9.03 
Phosphoric Acid ( P 2 OJ ...... I 0.41 1 0.29 1 4.34 1 0.19 -I 0.12--1 - 0.06 1 0.07 1 o.fl-
Carbon Dioxide (C O 2 ) ....... 1 19.83 1 23.11 1 26.67 1 20.88 1 29.31 1 29.57 1 28.80 1 28.13 
Volatile Matter .............. 1 5.60 1 3.38 ·1 3.93 1 4.23 I 0.91 1 0.95 I ....... 1 0.24 
Total ...... . ............ 1 100.69 1 99.29 I 99.93 1' 100.51 I 99.52 1 100.91 I 99.92 1 99.68 
" 1 1 I 1 1 1 I 
Humus ....... . . : ........... 1 0.53 1 1.00 1 0.61 1 0.47 1 . 1.13 I 0.60 I 0.44 1 0.57 
N itrogen ......... .. '" ...... 1 0.139 1 0.117 1 0.0801 0.1751 0.072 1 0.0701 0.062 1 0.066 
Water in air-dry soil. ......... ! 1.60 1 1.47 I 1.13 1 1.49 1 0.95 1 1.01 I 1.01 1 0.84" 
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The chemical analyse show, also, that the nature of the oil IS . very 
constant, to a depth of 8 feet . s indicated by the percent of potash 
phosphoric acid and nitrog il, tl re is an abundanc of ] lant food in the 
soil. The soil samples ·were taken in early sprin when the melting nows 
tend to wash all the soluble matter down into the oi l. The soils are char-
acterized by their great olubility in acids, and by an extraordinari ly high 
amount of calcium and magnesium carbonate . T he lime content is higher 
in the lower than in the upper four feet. The larger quanti~y of lime in 
the third foot represents probably the residue of the hardpan formed by 
the seasonal precipitation before the land was cultivated. from the chemi-
cal analyses it is also correct to assert that the soil of the Greenville F arm i~ 
representative of the majority of bottom soils within the Great Basin. 
4. .climate and Water. 
The average climatic conditions prevailing near the Greem ille F arm are 
shown in table No.3. 
TABLE No. 3.-AvERAGE CLIMATIC CONDITIOXS AT GREE nLLE FARM ... 
MONTHS Temperature IRainfall (Inches ) 
January . · .. ...... · .. · .... ·.·· ... 1 24.1 1 1.44 
February . . . .. ................... 26.2 1 1.30 
March . . .... .. . .. .. .............. 1 35.2 1 2.00 
pril . ·· ·· ····· ·· ················1 47.4 I 1.73 
May . . . . . . ...................... 1 54.3 2.44 
June . .. .. ... .............. .... .. . 62.7 1 0.86 
July. : .· · ·· ·· ·····.··.··.····· ... 1 71.4 1 0.42 
August . . .... . . .. . ..... _ . . . . . . . . . 70.6 1 0.80 
September . . .. ....... ... ... .. .... ! 61.4 I 1.07 
October . . .......... .... . . . . _ : . . . 47.7 I 1.26 
November . . . . . . .. .. . ............. 1 37.8 1 1.14 
December . . . . . ... _ . . . . . . . . . . . . . . . 25.9 I 1.02 
~----~~----~----~=-~----
nnual . . ....... _ .. ... . _ . .... 1 47.1 1 15.48 
The water used for irrigation came from the Logan River. Its com-
position is fairly constant throughout the season. In early sprin o- it is 
somewhat muddy, but during the irrigation season of crystal clearness. 
The water is of exceptional purity, and desirable for man, b~- t or plant. 
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TABLE No~ 4.-COMPOSITION OF IRRIGATION WATER FROM LOGAN RIVER. 
(Parts per Million.) 
1 1901 1 1902 
1 June 13 1 Aug. 8 July 14 1 Aug. 4 1 Aug. 9 
Total Re i.due ....... . .... \ 175 
I 
205 368 
I 
345 1 367 
N on-VolatIle ... . . . ... . ... 115 15S ~67 248 1 234 
Loss on Ignition . .. ~ ...... 1 60 I 50 101 97 1 133 
1 
/ 
1 
Silica (Si O 2) ...... . ..... 1 5 4 5 .. .. . . · 1 9 
Iron Oxide and Alumina .. . 0 
/ 
0 0 ...... · 1 0 
Lime (Ca 0) ........... .. 1 32 29 34 : . . ... · 1 30 
}\tlagnesium (M;g 0 ) ...... · 1 23 1 27 40 1 ···."··· 1 45 
Phosphoric Acid ( P 2 Os) ... 1 4 1 Trace 1 1 
Sulphuric Acid ( S 0 3 ) ••..• 1 7 1 11 1 
Potash (K2 0) ... . .... . . . 1 1.3 1 2.1 / . Ammonia ............. · 1 0 I 0 
Nitric Acid (N2 O~) * ... . .. I. Trace I Trace I 
Nitrous Acid (N2 0 3 ) ••• • . / 0 I' 0 1 
Chlorine . . ' .... ~ . . ....... Trace 1 17 I 
undetermined . .' . ... ..... . 1 99 I 109.91 / 1 
Carbon Dioxide ( C O 2) I 1 I (fully bound ). ......... · 1 108 1 54 I 
«. S ee Bulle tin 106. p . 8::? 
The fertilizing value ' of the irrigation water that comes from the 
streams of tah is very low, as is shown by the followin o- table, which con-
t8ins calculations ba ed upon the analytical data of table o. 4: 
T ABLE I O. J .- FERTILI ZI G S UB T I CE T HAT M .\ Y BE DDED TO THE OIL 
BY IRRIG. TIO . 
(Logan Riv~r Water. ) 
Pounds P er Acre Added 
I by 15 acre inches 1 by 30 acre inches 
=-~~~~~----------------.~~----~ Total Solid ' ·Matter . . ... ... ......... '. 1 724 1 1448 
Lime (Ca 0 ) ...... . .... . ..... . .. . . . 1 104 ·208 
Magne ia ( 11g 0 ) ... ... . . ... . ...... 1 85 170 
Phosphoric Acid ( P 2 O J . .... . .... ... ! 7 14 
Pota h ( K2 0) ... . .... ... ........... \ 6 .12 
Nitrog-en . ................... . . . ... Traces Traces 
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Though the total solid matter left in the oil is quite high , the really 
vaiuable substances, nitrogen, potash and phosphoric acid, are insignificant 
itl amount. When the land has good drainage, some of the irrigation water 
may drain away, and will then probably carry off more fertilizing ub-
~tances than were added by the original volume of water. 
At every irrigation the temperature of the water was taken, at the head 
of the main weir of the irrigation system. The results obtained represent 
the temperature of the water in the fan~ers ' ditches, 'in and about Logan, 
during the season of 1902. Table No.6 contains the average temperature of 
the water for eac.h day during the irrigation season. 
TABLE No. 6.-TEMPE"RATURE OF IRRIGATION W ATER. 
Season of 1902. ( Degrees Fahrenheit.) 
MONTH I Maximum 11inimum Aver?-ge 
June . . .................. 1---60·"'-0 -.;--- 48° ·---i-----=54~0 '---
July .................... 1 63 ° 45 ° 54° 
August . . .............. ' 11 63 ° 49° 56° 
September . , ........ , . . . . 59° 47° 53 ° 
All calculations in the following pages 'have been made on the assump-
tion. that the temperature of the water was 39.2° F , 
The relations of irrigation to soil temperature have not yet been taken 
l1p experimentally by this Station; therefore, no valuable comment can be , 
passed on the data of table No. 6. We know, however, that irrigation prac-
tices are influenced by the temperature of the water used. The subject 
should be more fully inve tigated. 
5. The !v! ethod of vVork . 
The east section of the Greenville Farm, on "hich was done most of 
the v\ ork herein reported. \Va divided ,into l eO plat, 29 feet by 57 feet or 
1-26.352 acre. \ ith 7 fe~t f bare g round 1 '~ tween . \. y tem of wood n 
flume wa constructed,. 0 tInt a 111 a urecl amount f \\'aLr could be applied 
to each plat. Ri 1ge were fo rme 1 aroun d e,ach plat, to prevent any of the 
water from running off. . 
It was attempt,ed, in the e experiment , to. follow in considerable detail 
the movements of the v\ ater applied to the oil. The method of investiga-
tion adopted and followed was as follow : 
Several 1 ~ -inch wood augers had their haft lengthened to 3, 6 and 9 
feet respectively. With these augers, borings were made 111 the soil, and 
VIEW OF GREENVILLE FARM (LOOKING SOUTHWEST.) 
On this farm most of the irrigation experiments were conducted. 
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samples obtained to any desired depth to the full length of the longest auger. 
The sample 'drawn from the ground was quickly placed in a Mason fruit 
jar of proper size, ,which wa sealed, labelled and sent to the laboratory , 
Here, the samples were well mixed, in the bottle, and exactly SO grams 
weighed out on a 3 ~I:l -inch watch glass, and drie 1 for about six hours at a 
temperature varying from 110 degrees Centigrade to 120 degrees Centi-= 
grade. The loss in weight, doubled, was the per cent of water in the wet 
soil. Numerous trials convinced the workers that this method ()f sampling 
and analysis gave results that were as trustwortLy as those obtained by 
more complicated and time-consuming "methods. Considering the possible 
errors in other parts of the experiments, this method of finding the amount 
of water , in the soil was thought to be sufficiently accurate. As far as the 
sampling alld analytical work go, the per cents in the following tables are 
ordinarily accurate to within 0.05 of one per cent. 
The slope 'of the plats, and the fact that the water v'vas applied at one 
, I 
end, made it practically impossible for the same depth of water to be ap-
plied, to every part of the plats. The end nearest the flume (the higher 
end). in the majority of plats, was wetter after an irrigation than the en.sl 
farthest removed. In a few cases, where the slope was great, the water 
would rush down the plat and form a small pond against the lower dyke. 
These conditions made the problem of obtaining a sample of soil with a per 
cent of water corresponding preci ely to the total amount applied, very dif-
ficult. I t was finally decided to take all samples near the centers of the 
plats, so that those from the same plat would be comparable with each 
other. In many cases the samples taken near the center of a plat contained 
a per cent of water nearly the same a the average for the whole plat, based 
on a great number of samples; in many other cases, t~ere was considerable 
difference between the average per cent of VI ater in the plat and that in the 
center of the plat. ' 
Another method that might have beeli. used is to make numerous bor-
ings on each plat, in order to obtain the correct average per cent of moisture 
in the soil. Trere are serious objections to this method also-one of which 
is that the great numbers of holes thus left in the field, become filled with 
water which disturbs the normal capillary movements. 
6. The P1'obable Eno!' or the Resttlts. 
To overcome the weakness of the method adopted, numerous tests were' 
made, the average of which would tend to obliterate the occasional and un-
avoidable errors. 'Moreover, a very caref.ul supervision of the soil moisture 
• 
208 B LLE TIN 115. 
work led to hundred of duplicate tests, wherever an error was suspected. 
The re ults presented in the follo~ ing table . for the eason and the condi-
tions urrounding the experinlent . are believ d to be very near the absolute 
truth. 
To arrive at some definite idea concernin o- the accuracy of the work, 
the probable error for many of the averages was calculated by the nsual 
methods. Some of the re ult are pre ented in tahle. No. 7. 
T ABLE No. 7.-TI E PROBABLE ERROR OF SOIL .l\101 TURE DETERMI:\-.-\T1Ol'iI . 
N tlmb er of D epth of. Ave raO"e Pe r Probable D te rmin ' \ Vhen Sample Cent of E rror of M ean 
a ti o n in Vva Taken Sample Moisture Per Cent 
AYerage (Feet) (Dry Ba i ) Moi ture 
-- - - -
- -- - ±0.390 --23 Before Irrigation 1 
I 
9.82 
23 " " 2 11.00 ±0.404 
23 ~r. 3 I 12.33 ±0.449 
23 4 I 12.61 ±0.S69 
23 5 I 11.71 ±0.S41 
23 6 I 11 :34 ±0.S I7 
115 1 I 13.36 ±0.270 
115 3 I 15:30 ± 0.214 
115 6 I 14.98 ± 0.219 
44 3 I 13.79 ±0.442 
23 ~-\fte'- 1 I 17.95 ± 0.609 
23 2 I 13.97 ±0.640 
23 3 I 13.60 ±0.S60 
23 4 13.15 ± 0.502 
23 5 12.85 ±0.582 
23 6 11.30 ±O.513 
115 3 26.85 ±0.S68 
44 3 20.28 ±0.638 
Thi table h \\". that the probable error varies from ±0.214 per cent to 
± 0.640 per cent. with mean, .varying from ' 9.82 per cent to 26.85 per cent: 
Before irrigations, the probable error was maIler than airerwards. We 
may say that all in all the probable error of the means used in this bulletin 
i about ± O.S per cent. The following tables should be read with that in 
mind. Whenever averages of fewer than ten determinations are n,sed, the 
probabie error has usually been found to be somewhat higher. 
!I . 
\ I THE MOVEMENT OF WATER IN IRRIGATED SOILS. 
7. Basis 0 f Calculation and Constants. 
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More than 40,000 soil moisture determinations have been used in con-
structing the following tables. To print tables giving the detailed results 
would be very expensive, and of little general value. Only summarized 
tables are therefore used in the following discussions. 
Except when otherwise stated, all moisture percents are referred to 
dry soil; that is, 10% of water means that ten pounds of water occurred with 
100 pounds of the water-free soil. The reason for reducing all analyses to 
water-free substance, is that the relation of the percents then represents the 
relation of actual weights of water in the soil. Thus, a cubic foot of soil, with 
10% of water on the dry basis contains twice as much water by weight as a 
cubic foot of the same soil, with 5 % of water. This would not be true if the 
percents were based on the wet soil as found in the field. 
All borings were made in twelve or six inch sections, to a depth of 8 
feet. Samples were always taken just b.efore and after each irrigation and 
at harvesting; also on many plats, at stated intervals between the irrigations. 
In the great majority of irrigations, water was applied to the plats at 
a rate that covered a plat to a depth of 10.93 inches in one hour. The 
average time for applying a depth of 7.5 in~hes was 41.17 minutes; 5.0 
inches 27.45 minutes; 2.5 inches 13.72 minutes. Even with heavy irrigations, 
water soaked into the soil in a few hours. One day after irrigation, the soil 
was invariably dry enough to allow a man on it to take soil samples; in the 
case of light irrigations this was possible a few hours after irriga~ion. 
The water unit employed in these investigations is either the acre-inch 
or acre-foot, which means the depth of water in inches or feet over the field; 
or else pounds of water per square foot of surface. 
B. WATER HOLDING POWER OF THE SOIL. 
8. Maximum Field Capacity. 
Iron cylinders, six inches in diameter, and one, two and three feet long, 
respectively, were driven into the soil in various places, and brought into the 
laboratory with the soil practically undisturbed, and therefore very nearly 
under field conditions. 
Water was kept standing on the soil in these cylinders for several 
weeks, until it drained through the soil freely. The cylinders were then 
carefully covered, allowed to stand until water ceased dripping from the 
soil, then weighed; and the process repeated until concordant results were 
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ottained. Finally, the soil was ' taken from the cylinders" dried first in the 
air, then in the oven. Jo appreciable evaporation from the lower ends 
of the soil sections was allowed during the draining period. The results 
obtained are shown below. 
T ABLE No. 8.-FuLL W ATER CAPACITY OF GREE VILLlt' SOIL. 
Length of ITotal Weight of Water\Per Cent 0+ Water on 
Soil Section Held (In Pounds) Basis of Dry Soil 
One Foot ····· ··········1 ' 28.54 1 37.46 Two Feet .............. 51.86 34.03 
Three Feet ............. 69.40 30.36 
The full water cap'acity diminished noticeably as the length of the sec-
tion increased. This is due to the approximately constant amount of v·.rater 
filling the capillary soil pores at the lower end of the soil section, wh,:never 
sufficient water is added to drain through the soil. The same thing happen~ 
when water is allowed to slide dO\vn a small glass tube; the sides are wetted) 
and a large drop fills the lower end. As the soil column increased in length, 
since the water thus held at the free lower end remains constant, the percent 
of water decreased. If other factors be disregarded, and if a represent the 
maximum amount of water held around the ,soil particles under field con-
ditions in a foot section, and b the lifting power of the lower end of the 
column~ three equations may be established from the above data. 
a+b=28.54 lbs. 
2a+b=51.86 lbs. 
3a+b=69.40 lbs. 
This rough approximation gives the value of a as 23.43 lbs. , 20.43 , lbs., ' 
17.54 lbs. with an average of 20.43 lbs. per cubic foot. This is equivalent to 
26.81 percent of the dry soil. 
In the field (except where a sub-surface gravel layer occurs) there is no 
lower free surface, and the lifting power of b disappears. In the ordinary 
irrigated soils of the Greenville type, which are of great depth, the largest 
amount of water that may be held against gravity is probably less than 26.81 
percent of the dry soil, as found above. 
This conclusion is fully corroborated by the per cents of water found 
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in the first foot from twelve to twenty four hours after irrigation. In 1902 
the highest average per cent of water in the first foot, within a day after a 
nve inch irrigation, was 23 .95; for a seven and one half inch irrigation-
the largest found possible to apply-23.83. In 1903, the per cents for corres-
ponding conditions were 23.21 and 23.77. This constancy makes it probable 
that the maximum amount of water that may be held in the Greenville soil 
under field conditions is a little less than 24 per cent of the dry soil. 
That the maximum amount of water held by soils against gravity i? rela-
tively low, is further emphasized by the determinations of the water in the 
soil in the early spring. The largest per cent was always found in the first 
foot, and as a result of nearly 3,000 trials, covering five years of work, it 
was found to average 18.04 to a depth 6f 8 feet. 
It is important that the field water capacity of irrigated or dry-farmed 
soils be not confused with the total water' capacity obtained by completely 
filling short sections of soils, and which are frequently quoted in books 
on agriculture. 
In these investigations we dealt with a soil that could hold not to exceed 
one fourth of its dry weight of water. As will be shown later, only the 
first foot is capable of reaching this limit. The average per cent of water 
that may be held to a depth of eight feet, seldom exceeds eightee~ per cent, 
or a little more than one sixth of the dt:y weight of the soil. 
9. Minimum Field Capacity. 
'Small quantities of soil exposed to an arid climate will continue to lose 
water, until in many cases, during the summer,less than one per cent remains. 
This does not, however, fairly represent the moisture conditions of dry 
soils; on which plants are growing, to the full depth of their root action. 
It is as important to determine the minimum as the maximum capacity of 
soils for water under field conditions. 
Determinations of the soil water ~ere always made a few hours before 
irrigation; also at various, times after the irrigation season closed; while 
this furnished data regarding the smallest per cents of water in the soils, yet 
the averages cannot be accepted as being of great certainty; for upon the 
plats were 'grown various crops; various soil treatments were practiced, and, 
all in all, many varying factors united in withdrawing water from the 
soil. . 
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TABLE No. 9.-WATER IN SOIL SEVERAL WEEKS AFTER IRRIGATION. 
Soil Condition 
N Lowest 
of· Per Cent 
Trials ~f Water (First Foot) 
Before an Irrigation, in 1902 . ........ \ 23 
Before an Irrigation, m 1903......... 13 
9.57 
9.91 
Corn, 38 days after Irrigation (1902) .. 2 
I 
8.83 
Sugar Beets, 35 days after Irrig. (1902) 7 6.86 
Potatoes, 32 days after Irrig. (1902) ... 5 9.27 
Oats, 34 days after Irrigation (1902) .. 3 
I 
6.05 
V"heat, 40 days after Irrigation (1902). 14 5.64 
Lucern, 31 days after Irrigation (1903) 4 ......... 
Peas, 27 days after Irrigation (1903) ... 3 7.66 
Corn, 55 days after Irrigation (1903) .. 4 9.72 
Potatoes, 29 days after Irrig. (1903) ... · 5 8.86 
Oats, 29 days after Irrigation (1903) .. 6 9.09 
Wheat, 35 days after Irrigation (1903) 17 6.87 
Bare, 36 days after IrngatlOn (1903) ... 1 3 18.63 
Average 
Per Cent of 
Water 
To Depth of 
8 feet in 1902 
6 feet in 1903 
11.43 
11.41 
9.88 
11.26 
12.44 
9.36 
8.21 
8.34 
10.68 
10.17 
10.80 
10.59 
8.21 
18.38 
The first section of table No. 9 shows the amounts of water just before 
irrigation in the soils of the plats that received least water. The average 
per cent of water was nearly 11.5, while in the first foot it was about two 
per cent lower. At the time of irrigation, the plants on these plats seemed to 
be in need of water. It may not be far from the truth to say, therefore, that 
when the water content of Greenville soil is reduced to about 11.5 per cent 
the plant is under the necessity of making special efforts to secure its supply 
of water . . 
The water content in soils on which crops are growing, four to eight 
weeks after irrigation, as given in table No.9, show, however, that water 
may be abstracted from soils below the limit above set. The water in the 
first foot was in fact reduced in one case to 5.64 per cent, and in the whole 
soil column, in one case to 6.82 per <;ent. Nevertheless, the average per cent 
in the first foot was in the neighborhood of eight, and for the whole soil 
column a little short of ten per cent. It did not seem possible for plants to 
reduce the water content on the average more than two per cent lower than 
that found just before irrigation on the driest plats. 
It is fairly evident that the degree to which a soil may be dried out 
depends largely on the kind of crop grown; and it is very probable that the 
habit of r~ot growth determines the depth to which water may be removed 
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below the soil moisture content which in practice seems to indicate the need 
of irrigation. That the drying out of soils is not due to a simple upward 
movement of water is made clear by the last line in the table which shows that 
five weeks after irrigation, an irrigated bare soil contained three fourths of 
the maximum field per cent of water in the upper foot, and the average for 
the eight foot soil colum was only one fourth of one per cent lower. 
The experiments here reported have dealt then, with soils the average 
water content of wh-ich, to a depth of six to eight feet, has ranged from a 
little less than ten per cent to nearly eighteen per cent. In practically all 
cases the soils have been unsaturated; that is, they have contained less than the 
maximum field water capacity would allow. This is peculiar to condition5 
of irrigation or of dry farming. 
c. DOWNW ARD MOVEMENT OF WATER. 
10. Depth of Penetration. 
It has been shown in Bulletin 104 of the Utah Station that the water 
of the winter precipitation penetrates below the limit of the soil augers 
( 6-1 0 feet). The investigations herein r~ported reveal the same fact. 
TABLE No. 10.-DISTRIBUTION OF SOIL WATER BEFORE AND AFTER IRRIGATION. 
( In P er Cents of Dry Soil.) 
D ep th of 
W ater 
Appli ed 
2.5 in. 
~~ Cl) .ro 
.CJ . -E~ 
::s 
4-< 
o 
Before or 
Aft er an 
I:- rigation 1 
190'2. 
PER CENT OF WATER (Foot Sections). 
2 1 3 I 4 1 5 1 6 1 71 8 1 Av. 
23 IJ Before .. / 9.571 10.55 / 11.781 12.97 / 11.921 11.41 1 11.75/11.491 11.43 
I A fter ... 19.24 13.70 13.171 13.84 12.66 1 12.72 12.31 12.70 13.67 
! Increase . 1 9.671 3.15 1 1.39 1 0.871 0.741 1.311 0.561 1.21 1 2.24 
50 . 115 I ~ Before ·· 1 1.2.971 14.08 / 15.681 16.091 15.211 15.18114.771 13.92 1 14.74 
. 111. I After ... 1 23.921 20.71 19.27 1 17.95 1 16.25 , 15.79 15.601 14.81 1 18.04 
7.5 in. 
vVinter Rain Sj 
Greenville 
I Increase . 1 10.951 6.63 1 3.591 1.861 1.041 0.6(1 - -0.83 1 0.891 3.30 
44 I ~ Before · ·1 10.62 / 12.44/14.441 15.111 14.20/13.40/13.13/13.27/13.33 
(After ... 1 23.83 21.83 20.051 17.401 15.87 14.66 14.21 14.15 17.75 
354 
i Increase . 1 13.21 1 9.39 1 5.61 1 2.29 1 1.671 1.261 1.081 0.88 1 4.42 
1902-08 
13.15 
15.88 I 
n 11 Fall ... / 12. 17 / 12.87 1 13.781 13.83 / 13.15 / 12.99/13.46/12.93/ 
( J 11 Spring 18.04 17.65 I 17.501 16.74 15.19 14.15 13.90 13.86 
--------~--~~~--~~~~. I' ! Increase · 1 5.871 4.78 1 3.721 2.911 2.041 1.161 0.441 0.931 2.73 
W inter R ainsl 
Dry Farms 193 ISI11 Fall··· 1 13.42 1 13.54 / 12.69 1 11.941 12.061 11.341 11.401 11.591 . ( In Spring 1 18.421 17.49 15.65 1 14.071 13.981 13.141 13.261 12.93 
Increase· 1 5.001 3.95 I 2.961 2.13 1 1.921 1.801 1.861 1.341 
' Continued on next page. ) 
12.25 
14.87 
2.62 
~ 
~ 
to 
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~ 
~ 
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TABLE No. 10.-DISTRIBUTION OF SOIL WATER BEFORE AND AFTER IRRIGATION. (Continued.) 
(In Per Cents of Dry Soil.) 
1903 
I-< en 
PER CENT OF WATER (Foot Sections). 
D ep th of Cl)~ Before or 
I 
\ 5 . \ 
1 I Av Water ,.D .- After an S I-< Applied ~f--i Irrigation 1 2 3 4 6 . 7 I 8 z ...... 1 1 0 
-----
2.5 m. 13 1 Before .. \ 9.91 1 11.141 12.381 12.47111.44111.11 1 . . .. . /' . . . .. \ I After .. , 17.90 13.92 13.881 13.07 1 1.~9 10.90 .. . ,. . . . .. \ 
I Increase . \ 7.99 \ 2.78 1 1.50 \ 0.60\ 0.55 \-0.21 \ .. ·· · 1 · ··· · 1 
! Before . · 1 13 . ~1 1 14.17 1 15.47 1 15.591 15.061 15.771 " " ' 1 ...... \ 
1 After .. . I 23.~1 20.75 18.901 17.73 16.33 15 .86 . . . . , ' . .. .. 1 
5.0 in . 124 
1 Increase·1 9.601 6.581 3.43 1 2.14 \ 1.271 0.09\ ····· 1 ··· · . \ 
~~----~~.~~----~ 
7.5 in. 33 1 Before .. /11.39 1 12.78\ 13".801 14.20/ 13.801 13.241 . .... \ · .... 1 ! After . . . 23.771 21.92 1 20.281 18.04 15.95 1 14.441 . .. ~ . I . . ... 1 
1 Increase .1 12.381 9.14 \ 6.481 3.841 2.15\ 1.201 .. . .. 1 . .•.. 1 
11.41 
13.61 
2.20 
14.95 
18.80 
3.85 
13.20 
19.07 
5.S7 
t-1 
~ 
trJ 
~ 
o 
< 
tr:1 
~ 
tr:1 
Z 
t-1 
o 
~ 
~ 
> 
t-1 
tr:1 
:::0 
H 
Z 
H 
:::0 
:::0 
H 
() 
> t-1 
tr:1 
t:! 
(f) 
o 
H 
~ 
Yl 
~ 
c.n 
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It is important to note in the above table that not only did the water, 
even of the smallest irrigation, penetrate to the full depth reached by the 
auger, but the penetration occurred in less than twenty-four hours. The 
irrigations were applied at various times during the day, and as soon as the 
plats were . sufficiently dry to support a man, the soil samples were taken. 
This occurred from six to twenty-four hours after irrigation. This rapid 
descent of the water is of great importance, when the evaporating influences 
of the sunshine and wind, acting on the soil surface, are considered. 
When the total per cents of water in the soil, to a depth reached by 
the soil auger, both before and after irrigation, are compared, it is found 
that some of the water which had been applied is not accounted for. This 
loss is due partly to evaporation from the surface, and transpiration from 
the plants, but also largely to the penetration of the water beyond the soil 
augers. The amount lost by . evaporation and transpiration seldom exceeds, 
under the conditions most favorable for water dissipation, one inch of water 
during the first day after irrigation, and is usually less. The analyses fail 
to account for much more than this, especially after heavy irrigations, so that 
the factors of evaporation and transpiration alone cannot be charged with 
the apparent loss. 
TABLE No. 11.-ApPARENT Loss OF WATER DURING THE FIRST DAY AFTER 
IRRIGATION. 
Depth of Water jPERCENT OF THE TOTAL WATER AnDED, UNACCOUNTED FOR 
Applied In the Upper 6 Ft. I In the Upper 8 Ft. 
Inches 
2.5 
5.0 
7.5 
I 1902 I 1903 I 1902 
5.84 
27.96 
34.95 
22.73 
32.41 
31.29 
0.00 
22.96 
31.13 
About three tenths or two and one fourth inches, of the heaviest irriga-
tion applied in 1902 were not accounted for in the upper eight feet. One 
half of these missing two and a fourth inches undoubtedly passed below the 
eighth foot , possibly several feet lower. The drier the soil is at the time 
of irrigation, the more of the water applied is retained in the upper feet; the 
more nearly the soil water content approaches the maximum field capacity 
the deeper down it sinks. 
The findings of Bulletin 104 of the Utah Station may be strongly reaf-
firmed from the data of these investigations: Water moves deeply into 
soils, even into those that are not saturated. 
This principle has an important bearing on the water-logging of irrigated 
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lands. If to a soil already nearly saturated heavy applications of water are 
made~ the excess will of necessity move downward to greater depths, and if 
the practice is persisted in, the ground water will be reached and ,then rise, 
until it may come close enough to the urface to injure the lands. 
D. THE DISTRIBUTIQ OF WATER IN SOILS. 
11. Distribution Immediately after Inigation. 
Table No. 10 shows, even upon casual examination, certain suggestive 
regularities. For instance: the per cent of water is always largest in the first 
foot, decreasing to the full depth reached by the soil augers, and during both 
chief experimental years, 1902 and 1903, the per cents of water at varying 
soil depths, immediately after irrigation, on the plats that received the heavy 
irrigations, were very nearly constant. To bring this out more tully table 
~o. 12 based on table No. 10 has been constructed. 
TABLE No. 12.- THE Co JSTANCY OF THE PER CE T OF SOIL WATER AT 
VARYING DEPTHS IMMEDIATELY AFTER IRRIGATION AND IN THE SPRING. 
Source ........... 1 Greenville Farm 1 Dry-Farms 
Year .... . ....... 11902119031190211903119021190311902-81 1903-8 
~;~i~do~I:~~~r) .. . \ 7.5 \ 7.5 \ 5.0 \ 5.0 \ 2.5 \ 2.5 ' \ Spring\ Spring 
1st. Foot. ....... . . 123.83123.77123.92123.21 19.24117.901 18.04 1 18.42-
2nd. " . . ...... . . 121.83 21.92 20.71120.75 13.70 13.921 17.65 1 17.49 
3rd. " .......... 120.05 20.28 19.27 18.90 13.17 13.88 17.50 1 15.65 
4th. " ....... ... . 117.40 18.04 17.95 17.73 13.84 13.07 16.74 14.07 
5th. " ... . ... . .. 115 .87 15.95 16.25 16.33112.65 11.99 15.19 1 13.98 
6th. " .......... 114.66 14.44115.79 15.86 12.72 10.90 14.15 . 13.14 
7th. " . ... ... . . . . 114.21 .... 15.60 .... 12.31 ... '113.90 1 13.26 
8th. ". . ......... 114.151 .... 114.81 .... 112.701 . . . . 13.86 1 12.93 
Average ... . ... 117.75119.07118.04118.80113.67113.791 15.88 1 14.87 
The difference hetween the highest and lowest percents at differnt 
depths was as follows: 
Depth . .. .. ............ . r 2 3 4 5 6 7 8 
Difference . ...... . ..... 0.71 1.12 1.38 0.64 0.46 1.42 1.39 0.66 
These differences are not greatly larger than the normal experimental 
error; and when it is remembered that the sampling was done on the soils 
at all times during the summer and on plats that carried a great variety of 
crops the variation appears remarkably small. 
Another regularity of equal interest appears in the per cents of water 
in the soil~s : ~ither heavily or lightly irrigated, when expressed as parts of the 
VIEW OF IRRIGATION SYSTEM, SHOWING LATERAL FLUMES, AND BARE SPACES BETWEEN PLATS. 
(GREENVILLE FARM, LOOKING EAST.) 
VrEW OF IRRIGATION SYSTEM, SHOWING LATERAL FLUMES AND BARE SPACES BETWEEN PL .. \ TS. 
(GREENVILLE FARM, LOOKING W EST.) 
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total w~ter content to the depth reached by the auger, as is done in Table · 
No. 13. 
TABLE No. 13.-PROPORTIONAL DISTRIBUTION, AT DIFFERENT DEPTHS, OF 
THE TOTAL WATER IN THE SOIL. 
(One Day After Irrigation.) 
PROPORTION OF WATER. 
1902 1902-08 
In · 
=D-e-p-th~~. I------~I----~I------ 1 ~~::~ 
(Feet) ·1 2.5 in. 5.0 in. 7.5 in. ville 
1 1 17.44 16.58 16.78 1 14.20 
2 1 12.42 14.36 15.37 I 13.89 
3 I· 11.93 13.35 14.12 13.78 
4 f I 12.54 12.44 12.25 13.18 
5 .... I 11.47 11.26 11.18 11.96 
6 I 11.53 10.94 10.32 11.14 
7 I 11.16 . 10.81 ·10.01 10.94 
8 ' 1 11.51 10.26 I 9.97 10.91 
1903-08 
In 
Spring 
Dry-
Farms 
15.49 
14.70 
13.16 
11.83 
11.75 
11.05 . 
11.15 
10.87 
1903 
2.5 in. I 5.0 in. \ 7.5 in. 
21.92 20.58 20.77 
17.05 18.40 19.16 
17.00 16.76 17.72 
16.01 15.72 15.77 
14.68 14.48 13.94 
13.35 14.06 12.62 
Total1100.00 1100.00 1100.00 I 100.00 I 100.00 1100.00 1100.00 1100.00 
For comparison is added the average of. nearly 3000 determinations 
made on the Greenville Farm in the spring, when the soils were soaked with 
the winter precipitation, and therefore comparable with the conditions . soon 
after an irrigation, except that ~he first foot had been subjected to the drying 
action of the spring weather for some length of time; and, also, an average 
of over 1500 determinations made in the spring on the experimental dry-farms 
of the State. These latter ¢ata are from varying. soils and therefore not 
strictly ~6mparable with the data from the Greenville soils. 
The· significance of the approximate regularity of proportional distribu-
tion is accentuated, when, ~y reference to Table N.o. 10 it is observed that the 
average per cent of water· varied from about 1~.61 per cent to 1907 per cent. 
It is not easy to believe that with either large or small irrigations, ap-
proximately the same proportional distribution occurs, unless some definite 
law of distribution is in operation. Similar regularities may be observed in 
other similar investigations, but they have been obscured by the differenc.e 
iIi the composition of soils at different depths. The soil of the Greenville 
farm is unique in its approximate constancy both of physical and 
chemical composition to the f.un depths reached by the augers. 
From the data presented it appears that immediately after an irrigation 
about one ninth of all the water of tile soil is found in the eighth foot, 
increasing slightly in the succeeding upper feet, until between one sixth 
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and one seventh is found in the top foot. This distribution is largely in-
dependent of the amount of water applied, or. the dryness of the soil at the 
time of application within the limits already indicated in these experiments. 
12. I)istribution Immediately Before an Irrigaticn. 
The moment water enters soils the crop roots begin to absorb it and 
pass it through the plant to be evaporated at the leaves. Recent investigation5 
by Merrill of Utah and Watson of Wyoming have shown that il! arid regions, 
plant roots penetrate the soil to a depth of eight feet or more and that they 
are well distributed throughout the soil mass to their full depth. Water 
abstraction from the soil occurs therefore at practically all points to the depth 
of root penetration-not, as has often been taught, at a zone not very far 
from the surface. 
During the interval between irrigations much water is transpired by 
plants, and a condition of equilibrium is established between the water ab-
stracting power of the plant roots and the water holding power of the soil. 
Immediately before an irrigation, this condition should be shown in the per 
cents of water at different soil depths. Reference again to table No. 10 
shows a variation in total water content just before irrigation from 11.43 
per cent to 14.74 per cent considerably smaller than immediately after irriga-
'tion. Throwing these data into a form which shows the proportional dis-
tribution, (Table No. 14) a decided regularity appears in spite of the actual 
per cent o~ water held by the soil. 
ri'ABLE No. 14.-PROPORTIONAL DISTRIBUTION, AT DIFFERE T DEPTHS, OF 
THE TOTAL WATER IN 'THE SOIL. 
Depth 
( Foot) 
1 
2 
3 
4 
5 
6 
(Immediately Before Irrigation.) 
--------------------------PROPORTION OF WATER 
1 1902 1 1902-08 1 1903-08 I 1903 
1 I ' 1 / I In Fall I 1 I 
12.5 in. 15.0 in. 17.5 in. Greenville Dry-Farms 2.5 in. 15.0 in. 17.5 in. 
1 10.47 10.99 9.96 / 11.57 13.70 14.481 15.17 14.38 
1 11.54 11.94 11.67 12.24 13.82 16.27 15.80 16.14 
1 12.88 13.30 13.54 13.10 12.95 18.08 17.25 17.42 
1 14.18 13.65 14.17 13.15 12 . .19 18.221 17.38 17.93 
1 13.041 12.90 13.32 12.50 
\ 
12.31 16.71 16.79 17.42 
1 12.481 12.88 12.56 12.35 11.57 16.23 17.58 16.72 
7 I 12.84 12.531 12.32 12.80 1 11.63 ····· 1 ..... ..... 
124 12.29 11.83 8 1 12.57111.811 . 51 ·····1 ..... 1 ..... 
Total 1100.001100.001100.001 100.00 100.00 1100.001100.001100.00 
222 BULLETIN 115. 
There is clearly a proportional heaping up of water at the third and fourth 
and possibly the fifth feet, but it is ·relatively mall. The tendency is rather 
toward an equal distribution of the water throughout the soil mass to the 
full depth reached by the auger. In view of the many chances for error that 
accompany field experiments, it is quite remarkable to find the strong regu-
larity that appears in the distribution of soil water. It i undoubtedly safe 
to lay down the principle, that as the tim'e increa es after irrigation, the dis-
tribution of the soil water approaches uniformity; that is, the same per cent 
of water, in uniform oil, i found at any point in the soil mass penetrated 
by plant roots , and probably anywhere within the influence of the root system. 
13. D£stribution of Soil Water Many Tlleeks After Irrigation. 
A similar conclusion may be drawn from an examination of the distri j u-
tion of water in soil that, during the growing season have received no 
water for comparatively long periods. Table o. 15 exhibits data that un-
doubtedly represent the extreme condition of dryness in irrigated soils of 
the type represented by the Greenville Farm. 
TABLE No. 15.-ExTENT TO WHICH SOILS CAN DRY OUT. 
I-< 
<J.) (f) 
.:t: s:: '"@ PER CENT OF WATER. (Foot Sections.) 
-< .9 .c; 
(f) ........ ~ 
CROP ~~ ....... Q 'C; 0 
II I II I 
I 
II 1 I I-< 0 01--1 Z 1 2 II . 3 4 I 5 6 7 I 8 I Av. Z I I I 1 I I I 
Corn ·· · · · 1 38 I 2 I 8.83 1 8.87 111.03 1 9.59111.27111.03 1 8.95 \ 9.47 \ 9.88 
Sugar Beetsl 35 I 7 6.861 9.54 \11.78112.26111.61 114.33 111.90111.76111.26 
Potatoes . . 1 32 i 5 \ 9.27 110.76 \13.63 \14.94113.15 13.54113.29 \11.92112.44 
Oat · . . .. 1 34 I 3 I 6.05 1 7.03 110.15 1 8.82111.461 9.221 9.97 112.15 \ 9.36 
\ATheat .. . . 1 40 I 14 \ 5.641 6.52 1 7.561 8.28 1 7.19 1 9.38110.94110.15 1 8.21 
Lucern ... 1 31 1 4 1 8.341 8.08 \ 7.60 \ 6.49 1 5.781 6.64 \ .. . . \ .... \ 6 ,82 
Peas ..... 1 27 1 3 \ 7.661 8 .61 \ 9.75 \11.32113.47113.281 . . .. . . . . \10.68 
Corn . . ... 1 55 I 4 I 9.72110.02 110.27 110.89110.88 \ 9.23'\ . ... 1 .... \10.17 
Rare . . ... I 36 \ 3 118.63 \18.63 117.91 \18.26\ ... . 1 ........ \ ... . \18.38 
Potatoes .. 1 29 I 5 I 8.86110.04111.54112.61 110.99110.741 .. .. 1 . . . · 110.80 
Oats . .. . . 1 29 I 6 I 9.09111.15 110.86 \10.82110.29 111.331 . .. . 1 .. ·' · 110.59 
Wheat . .. . 1 35 1 17 1 6.871 8.08 \ 9 .08 1 8.66 \ 8.281 8.261 .. · ·1 . ... 1 8.21 
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E. THE LAW OF DISTRIBUTION OF W ATER IN SOILS. 
14. Unsatu1'ated Conddion of Inigated Soils. 
It i- commonly taught that water occurs in soils in three form s : 
hygro copic, capillary and g ravitational. Hygroscopic water appears to have 
entered into the very structure of the soil particle or to cling around them 
so closely that capillary movements are practically nil. Capillary ~ater, 
taken up after hygroscopic saturation, fills the capillary 'paces and cling 
as a film around the soil particles; it has the power of moving from place to 
place. Gravitational water, that added beyond the capillary saturation. moves 
through the soil pores in obedience to the pull of gravity. 
nder proper conditions of irrigation, enough water to saturate com-
pletely the soil beyond a depth of one to three feet i never added. Gravita-
tional water plays therefore little part in irrigation, except immediately after 
water is applied. In fact, ordinary irrigations eldom supply enough water to 
satisfy the total capillary capacity to the full depth of root action. 
Formulas of considerable accuracy have been devised to show the pene-
tration of water under the pull of gravity, when the capillary forces of the-
soil are saturated, and recently when they are not saturated ;* but few state-
ment have been recorded concerning the movement of water which is wholly 
. in the capillary form. 
It is believed that capillary water exists as a continuous and tightly 
stretched film over the soil particles. Water moves through this film from 
the wetter to the drier portions, or in other words, from the thicker to the 
thinner portions of the film. Little definiteness of view exists concerning the 
law under which this movement occurs. 
15. P ossible Effect of D1:stance on Wa ter Distributicn. 
Let us conceive a vertical series of oil particles, identical in size, shape 
and all other propertie , and touching each other. Eliminate all possibility 
of evaporation. Let the upper particle be saturated with water, while all the 
lower ones contain les \,vater. The lower, drier particles will immediately 
begin to draw water downwards. To what extent and in what manner will 
this occur? 
All the parti~les have the same capillary power; the only difference i 
one of distance from the wette t particle which i the ource of upply or 
head. It was conceived that pos ibly, under such uniform conditions, the 
di tribution would depend directly upon the distance of any unit surface 
*Studie on Soil Phy ic . Green a nd Amt., J ou rn a! grl. Science IV., pp. 
1-24 (1911). 
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from the wettest particle, "at least in so ' far as the film, through which the 
water may be said to pass, is approximately constant in thickness. 
,If f be the ' force with which the water is held by the wettes~ particle 
after readjustment has taken place; fv f2' f3' etc., the respective forces of 
the particles lower down; if k be a constant representing the amount of water 
held in such a form that it does not move readily from particle to particle, 
and, further, if dv d2 , d3 , etc., be the distances of the various particles from 
the upper wettest particle -a simple series of equations may be formulated, 
namely, 
(fl-k)d1=(f2-k ) d2=(f3-k ) d3J etc.=Constant. 
This is readily recognized as of the form of the gas equation (Boyle's 
L1.w ) , which expressed in graphical form, gives the equilateral hyperbola, 
a nd which also represents many chemical and physical phenomena. 
If this law really represents the manner of water distribution, it should, 
'" hen applied to the data obtained from soils immediately after irrigation and 
in early spring before evaporation and transpiration have begun to act, give 
a series of equal values for k. If these values are 'Yidely divergent the law 
is probably not applicable. In a uniform soil the per cents of water on the 
basis of dry matter, as used constantly in these investigations, represent fJ 
fl' f-i, ' f3' etc., as just defined. In soils not uniform, however, the water 
held per unit area must be determined in order to secure known values for fJ 
fv f2' f3' etc. The present state of soil investigation makes this exceedingly 
difficult if not impossible to do. 
Perfect agreement in the values for k could not be expected. ~ s shown 
'in tables 1 and 2, the soil of the Greenville Farm does vary somewhat from 
foot to foot, though it is most fortunate that it is so nearly uniform. Then, 
the soluble matters are washed dowI?-ward with each irrigation, giving proba.-
bly a greater concentration and density of the lower soil water. This would 
tend to change the surface tension and general capillary behavior of the 
water. Further, the temperature, on hot summer days, is lower in the depths 
of the soil, and thereby the viscosity of the water would be affected. More-
over, active plant roots are disturbing the normal equilibrium from the very 
moment of irrigation. 
Of especial importance is the fact that, on the basis of the very assump-
tion that the amount of water will vary inversely with the distance from the 
wettest particle, the upper layers will be wetter than the lower ones. Water 
moves I1!ore freely through thick than through thin membranes, since the 
frictional resistance diminishes with the ~ncrease in the thickness of the film. 
In the upper, wetter feet, therefore, water will move downward more freely 
than in the lower drier ones where the soil water film is thinner, and ,the 
THE MOVEMENT OF WATER IN IRRIGATED SOILS. 225· 
value of k will as a result appear to be higher in the upper than in the lower' 
feet . Similarly in the lowest driest layers where the capillary film ap-
proaches the true value of kJ similar irregularities would appear, but in 
such cases, the value of k would be below the normal. 
Finally, there may be a number of forces, perhaps pdorly understood, 
that combine to prevent the regular normal di tribution of the water, such 
especially as the action of the wind and sunshine on the upper foot. The best 
that can be expected is a uniformity that falls within a reasonable error. 
Using for IJ Iv 12J etc., the water per cents found in early spring and 
immediately after irrigation as shown in Table No. 10, the equations given 
above were solved for all possible combinations. That is, the second foot 
(ll-k)d1 was combined with the corresponding (In-k)dn of all other 
feet to the full depth of the soil auger; then the third and succeeding feet 
were used in the same way. In Table No. 16 are shown each value of k as 
obtained from the data of Table No. 10. 
TABLE No. 16.-VALUES OF k (LENTO-CAPILLARY POINT) IN GREE VILLE 
SOIL. 
Combina- 1902 I 1903 tion of Soil Spring \¥ A TER ApPLIED (Inches) WATER ApPLIED . (Inches) 
Depths 1902-08 
(Feet) 2.5 1 5.0 1 7.5 1 2.5 1 5.0 1 7.5 
2 and 3 1 17.35 1 12.64 I 17.83 18.27 I 13.84 17.05 1 18.64 2 and 4 1 10.29 
I 
13.91 16.57 15.19 12".65 16.22 I 16.10 
2 and 5 1 14.37 12.31 14.76 13.88 . 11.35 14.86 13.96 
2 and 6 1 13.28 12.48 14.56 12.87 r 10.15 14.64 1 12.57 
2 and 7 1 13.15 
I 
12.03 14.58 12.69 I ... . . .. . . . . . . . . ..... . 
2 and 8 1 13.23 12.53 13.82 12.87 I ..... . . ••••• • • ••••• • e . 
3 and 4 1 15.22 15.18 15.31 12.10 1 11.45 1 15.39 1 13.56 
3 and 5 1 12.88 12.15 13.23 11.64 10.10 1 13.76 11.62 
3 and 6 1 11.92 12.42 13.47 gS~ I ... 891. 1 .1.3.83 .
1 
.. 1055 . ~ and 7 1 12.10 11.88 13.77 
3 and 8 1 12.40 12.51 13.03 g:~~ . "8'.75· " ·1·2'.i3· 1 " '9'.68 · 4 and 5 1 10.54 1 9.12 11.15 
4 and 6 1 10.27 
I 
11.04 12.55 10.55 
... 7.'~~. 1 .. 1.3 .. ~~. / ... 9 .. ~:. 4 and 7 1 11.06 10.78 13.25 . 11.02 
4 and 8 1 11.70 11.85 12.46 11.71 · ·· ·· · ·1 ······· 1 ... . ... 
Sand 6 1 9.99 12.96 13.95 9.82 6.54 
.. 1.3 .. ~~ . 1 " .8 .. :~ . 5 and 7 1 11.32 11.61 f4.30 · 10.89 .... . .. 
5 and 8 1 12.09 12.75 12.89 11.86 ....... .. . . .. . / ... . ... 
6 and 7 1 1265 1 10.26 14.65 11.96 ....... . .. . ... . .. ... . 
6 and 8 1 13.14 
1 
12.65 12.36 12.88 ....... 
·······1 . ...... 
7 and 8 1 13.62 15.04 I 10.07 13.79 · ·· ·· ·· 1··· ···· 1···· ·· . 
Average 1 12.79 1 12.29 13.74 I 12.35 I 10.14 I 14.49 1 12.41 
Grand Average, 12.68. 
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PER CENT 
FIG. 1. 
T he data in T able o. 16 point with g reat r 'ularity to the average of 
12.68 0/£ as representing a somewhat definite point \\ ith respect to the move-
ment of water in soils. T he frequency curve ( see Fig . 1) hows 
?"reat regularity. The probable error of the data used in the e inve tiga-
tions varies from ±0.214 to ± 0.640 0/£ ( see Table o. 7 ) . T he probable 
error of the mean values of II fo r each experimental year varie from ± 0.208 
to ± 0.655, well \ ithin the limits of the probable error of the investigation 
itself. 
During the years 1904-1907, in an investigation of another subj ect, 
soil mo ·sture determinations were made to a depth of 10 feet on plats of the 
Greenville Farm that received maximum, medium and minimum applications 
of water. sing the above method of calculations, 72 single determinations 
from these plats gave an average value to k of 12 .96 0/£ . 
It is also interesting to note that sometime after irrigation, when the top 
foot is no longer the wettest , the distribution of the water from the wettest 
zone, usually at the third or fourth foot , is approx imately in obedience to the 
law above stated, and yields values of k not far removed from the values 
obtained above. 
The value of k as obtained is probably too high, for as suggested, the 
\ alues derived from the upper, wetter feet are far above the average, and 
tend to raise the average. 
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Further, immediately after an irrigation, the upper foot should not al-
\;·a.ys be taken as the ource or head. It frequently happens, soon after a 
h -!avy irrigation', that the two or three upper fe t contain practically the 
same amount of water-n ar capillary saturation. This usually means that 
the distribution is not completed. In such cases the lowest of the saturated 
foot sections should be taken as the head. 
Whether the di tribution of water in soils really obeys the general law 
here sugge ted, must be determined by careful laboratory experiments, in 
which uniform oil, and refined methods of ob ervation are u ed. It is a 
subject, however, of high interest to the agriculture of arid regions and 
merits careful research. 
In any case it is an approximation which may help materially in under-
standing the behavior of soil moisture under irrigated and under dry-farm 
conditions; i. e. under unsaturated condition . 
16. The Meaning of k . 
If the work and reasoning of the preceding page are ound it means 
that when the Greenville soil contains between 12 0/£ and 13 % of water, 
WEIGHING SOIL SAMPLES FOR WATER DETERMINATIONS . 
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capillary movements proceed slowly if at all. Plants can certainly use part 
of this water, for as shown in Table No.9, in one case the soil of a wheat 
plat! 40 days after irrigation, contained 8.21 % water or more than four 
per cent below the value just established. In the majority of cases, however, 
plants did not reduce the soil water content below 10.5 during protracted 
dry periods. In the case of the plats that were watered least, and, there 
fore, in the driest condition throughout the summer, the average per cent just 
before irrigation was about one and one-fourth per cent below the value of k. 
The plats that received moderate and abundant irrigations were always above 
the calculated value of k. 
Both hygroscopic and capillary soil water are made possible by the at-
traction that exists between soil and water. The dry surfaces of the soil 
particles, having an attraction for water, condense upon themselves moisture 
from the surrounding air, if it can not be obtained in any other way. The 
per cent of water that a soil may thus condense upon itself from saturated 
air, at ordinary temperatures (about 15 0 C.), is called the hygroscopic co-
efficient. It represents the point of equilibrium between the water in the air 
and the soil. 
When free water advances upon a soil with a saturated hygroscopic co-
efficient, more water is taken up by the soil, until the amount held by the 
. full attraction between the soil and the water is in equilibrium with the force 
of gravity. If water is added beyond this point it flows downward in obedi-
ence to the pull of gravity. The water held above the hygroscopic co-
efficient, up to the point where gravity becomes active, is known as capillary 
water. 
Hygroscopic water and capillary water are supposed to be held in the 
soil by the same forces; (1), by the surface attraction of soil for water, and, 
(2), by the tendency of certain soil constituents, to enter into a kind of loose 
combination (hydration) with water. The former of these causes is undoubt-
edly of greatest importance in determining the water-holding power of soils. 
It depends upon the nature of. the soil, the extent and form of surface of 
the' soil particles, temperature, relative humidity, and perhaps many other 
factors. The former of these causes may, however, in many soils, exert a very 
gre~t influence in increasing the possible amount of soil water. Gypsum is 
an example of a class of substances that take up water and hold it in what 
may be called a loose chemical combination. Another class absorbs w'ater 
with the formation of jelly-like substances, which also hold water in a sort 
of combination. The soil constituents that permit of such jelly.:.like combina-
tions are clay, humus, iron hydrate and possibly many other substances not 
yet carefully studied. 
THE MOVEMENT OF WATER IN IRRIGATED SOILS. 229 
It has been shown by many investigators that clay and other colloidal 
substances increase the hygroscopic moisture content of soils. For instance, 
in the fall, when the soil was driest, the amounts of water held in the soils 
of the various dry-farm experi~ent stat~ons in U tah, were as follows: 
TABLE No. 17.-RELATION BETWEEN CLAY CONTENT AND WATER-HoLD~NG 
POWER OF SOILS. 
(Average of samples taken to depth of 10 feet.) 
Name of Farm 
Per Cent of Clay .... / 
Per Cent Water in 
Fall, After Harvest I 
Iron 
11.91 
10.95 
Juab 
15.69 
16.39 
1 San Juan l Tooele IWashington 
I 
9.15 I 
8.80 
12.91 I 10.16 
12.66 10.53 
Such regularity does not hold in all cases; nor is it to be assumed that 
all the water that accompanies a high clay content is held in combination with 
the clay, for the smaller size of clay particles makes possible a 1arger' sur-
face for holding water by simple attraction. 
The water which is condensed from the air upon the soil surfaces is 
supposed to be held so closely around and in the soil particles that capillary 
movements do not occur. The amounts that may be taken from saturated 
air at 15° C. by Greenville soil is relatively small as shown by table 18. 
T ABLE No. 18.-HYGROSCOPIC COEFFICIENT OF GREENVILLE SOIL. 
Depth (feet) ............. 1 2 3 5 7 8 Av. 
Per Cent of Water on Dry Basis. 1 5.02 4.80 4.89 3.61 3.33 4.33 
When free ", ater reaches a soil, the hygroscopic coefficient of which is 
fully satisfied, the surface film is thickened; the capillary spaces are filled, 
and more water enters into combination with the soil constituents. It does not 
follow, however, after a small amount of free water has been aded to a soil, 
above the hygroscopic coefficient, that there is a materially greater freedom 
of movement of the soil water; there is rather only a more complete saturation 
of soil constituents and capillary spaces. Still, as the addition of water con-
tinues and the soil water film becomes thickened, the possibility of movement 
is initiated, at first sluggishly, then more freely. 
The constant k may be viewed as representing the point above which 
water may move freely from place to place under the influence of sur-
face tension. There is probably no sharp line of demarkation ~tween the 
soil water thickness that permits of sluggish movements. and that which 
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gives greater freedom. The poia t r~presi"'.. ted by k is not, therefore, to be 
defined with precision. It may be called the point of lento-capillarity . 
If the law of soil moisture variation with the distance from the wettest 
particle is c<;>rrect, some interesting calculations may be made. For instance, 
when the second foot from the top-contains 8 % water above the lento-capil-
lary point (about 21 % in total ), the upper 10 feet .of soil will contain about 
five and one third times more water than the next 10 feet of soil. Again 
if the second foot contains 4 % of capillary water ( about 17% in total ) , 
the upper 10 feet will contain a trifle more than five times that held by the 
following 10 feet. Assuming then that capillary movements are very slow 
when the capillary water is only about 0.2 % above the point of lento 
capillarity . even heavy irrigations will seldom pass below 35 feet, 
unless repeated frequently, and with light irrigations the downward penetra-
tion is of little consequence at a depth of 15 to 20 feet. If standing water or 
gravel seams are found within these limits, there is, however, a good chance 
for. water loss. 
With irrigations, repeated only as needed, this law of distribution per-
mi~s the farmer to retain most of the water in the upper 10 feet, and within 
easy reach of ordinary plant roots. 
F. THE CRITICAL POINTS OF SOIL WATER. 
These investigations tend to establish four critical soil-water points for . 
Greenville soils, to a depth of 8 feet. First, the maximum capillary wate1' 
capacity, which is in the neighborhood of 24% , (on the basis of dry 
weight) . Water contained in the excess of this is probably free water. Sec-
ond, the optimum capillary water capacity or field water capacity, which is 
about 189{ . This represents the proportion of water which the soil will nor-
mally contain after full distribution has occurred in this soil, the first foot 
of which contains the maximum per cent of capillary water, and represents 
also, approximately, the best amount of water in the soil for plant growth. 
Third, the lento-capillary point, which lies between 12% and 13 % . It repre-
sents the point at which capillary movements largely cease, and at which 
plant roots must secure water through· greater effort, by actual contact with 
the water holding particle, or possibly by thermal t ransference of water. 
Fourth, the hygroscopic w ater coefficient, which represents the amount of 
water that a soil may condense from saturated air. W hen this point has been 
reached on most soils, plants die for want of water. 
If k is the point at which capillary movements become very sluggish, 
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it may be asked how plants can reduce the water content below this point. 
When the capillary water has been used, the root hairs can no longer draw 
water with ease from the adjoining particles, but still may absorb the water 
held by the particles with which the root hairs are in contact. This drying 
out of some particles. accelerates the slow movement from the adjoining 
wetter particles. In any case the rate of water absorption by the plant must 
be red\.1ced greatly when the soil water content has passed below the lento-
capillary point. The well established and deep root system filling the soil is 
of highest importance in utilizing the soil water below the value of k. It 
may be observed by reference to Table No. 9 that after long periods of dry-
ness the soil was driest under crops known to possess extensive root systems. 
If plants with well developed root systems, filling the soil mass, can make bet-
ter use of lower capillary water than can a crop with roots contained chiefly 
in the upper feet, the fact that well-rooted dry-farm crops can survive seasons 
of extreme heat and dryness is explained. 
It may not be far from the truth to suggest that the higher the value 6f 
k, or the point of lento-capillarity, the more easily may soils endure drought. 
The water would be used very slowly, and a longer time would elapse before 
the available soil water would be exhausted. This is especially important in 
dry-farming. 
When water is applied to soils, the maximum hygroscopic water capacity, 
or the value of k, is first satisfied. If the soil has been dried below this 
point, the downward movement of the water is slow, since chiefly by actual 
contact is the hygroscopic capacity satisfied, and only one layer at a time. 
If, on the other hand, the hygroscopic capacity is already satisfied, and some 
water is held in the capillary condition, any addition of water will cause an 
almost immediate adjustment, with a distribution in accordance with the law 
of distance from the wettest particle. The capillary film stretched over the 
soil particles assists throughout its whole extent in th~ distribution of the 
water, and the readjustment is quickly affected. 
It may also be observed that one-half of the maximum capillary water 
capacity is true capillary water, all of which may be used easily by plants, 
and that less than one-half of the water capacity belo.w the lento-capillary 
point 'can be so used. Only in seasons of drouth, and on certain soils, can 
. this lower water be depended on t~ support plant growth. 
These critical points seem very important for arid agriculture, and it 
may be, as they become better understood, and methods for their determina-
tion are perfected, that they may furnish additional means of estimating the 
agricultural ·value of lands under irrigation or dry-farming. 
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G. THE LATERAL MOVEMENT OF WATER IN SOILS. 
\i\Then water enters soil, the attraction between soil ·and water is at once 
awakened. As the soil particles are reached, their hygroscopic coefficients 
are first satisfied; then, if more water is available, the capillary film is formed. 
Capillarity,. once in action, pulls the water in all directions from the wetted 
center. The actual rate or nature of the movement is very probably a result-
ant of the vertically downward pull (gravity and capillarity combined) and 
the more or less horizontal pulls ( partial gravity and capillarity combined). 
No sp€cial experiments were made on the lateral movement of water, 
but the data secured from the plats used in 1902 for furrow irrigation throw 
some light on the subject. 
T AB LE O. 19.-THE LATERAL MOYEMENT OF SOIL WATER. 
Time of INa. of /Rowor l P ER CENT OF WATER IN FOOT SECTIONS. 
Sampling I Trials F urrow 1 I 2 1 3 I 4 1 5 1 6 I 7 1 8 
One Day 58 1 Furrow \23.81 \21.25 \20.78 19.32 \ 17.89 \ 15.43 \ 14.69 \13.59 
After Irrig. 1 (8 IRow 21.18 20.05 20.49119.09 17.87 15.63 13.93 13.40 
Difference · 1 . . . . .. 1 .. .. " · 1 2.631 1.201 0.291 0.231 0.021+0.201 0.761 0.19 
. The average distance between the rows was about 36 inches-making 
the distance between row and furrow about 18 inches. During irrigation the 
furrows were well filled with water so that the distance between the edge of 
the water and the middle of the row was never much more than 12 inches. 
The difference between the moisture content in the soil of the row and 
the furrow was g reatest in the first foot, less than one-half per cent in the 
second, and of little importance from the third foot downward. F rom these 
data it may be inferred that, within a few days after arrigation, the difference 
in moisture under row and furrow practically disappears at a dt pth of about 
three feet , in accordance, no doubt, with a phase of the law of distribution 
as already set forth. 
The furrow is the source of supply of water. The horizontal pull upon 
the water is the smallest; the vertical the largest , and all the others inter-
.mediate. The lateral movement of water increases, therefore, with the depth. 
A mass of earth moistened from above. corresponds in general with a trun-
cated cone, the upper surface of which · is the area under water, while 
the lower surface, height and slope vary with the amount of ' water applied 
and the nature of the soil. 
In deep soils, when much water is applied, the lateral movemellts may be 
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large, whereas, with small applications, the effect of the lateral movement 
upon the moisture content of adjoining lands ~ou1d be slight. The more 
water soils contain, the less is the capillary attraction, . and therefore the 
smaller the lateral movement of moisture. Under favorable conditions, using 
the data of Table No. 19 as suggestive, and applying the law of distribution, 
the lateral movement in soils may reach fifteen to twenty-five feet . Under 
ordinary con~itions, it is much less. 
H. THE UPWARD MOVEMENT OF SOIL WATER (AND EVAPORATION). 
I 
17. The R ate and Extent of Loss. \ 
Under the influence of sunshine, wind and other meteoro10gicai fact?rs, 
the moisture in the upper soil layers is evaporated, and water moves from 
below to restore equilibrium. Under ordinary conditions, therefore, if pre-
ventive measures are not taken, there is, soon after each irrigation, a steady 
upward movement of water, causing a general drying out of the soil to great 
depths. The magnitude of such losses is well shown in Table No. 20, which 
gives the water .losses from bare soils, to a depth of 8 feet in 1902. 
T ABLE No. 20.-Loss OF MOISTURE FROM B ARE SOIL DURING DIFFERENT 
PERIODS AFTER IRRIGATION. 
Average Pounds of Days After Number of Per Cent of W ater Lost Irrigation . Trials Moisture at Per Square Foot Beginning 
7 I 15 - 17~48 
I 
7.54 
14 I 9 17.56 10.08 
21 I 5 17.48 14.09 
This table shows that even on a bare soil, from which water is lost only 
by evaporation near the surface, the equivalent of nearly one inch of wat'er 
was lost during the first seven days after irrigation ; two inches during four-
teen days and approximately three inches during three weeks. Much larger 
losses may occur. For instance, in 1903, 17.01 1bs. per square foot, or more 
than three inches, were lost from a bare soil during the first nine days after 
an irrigation in July; and 12.40 lbs., or over two inches, during the first 
eight days after an irrigation in August. The loss is felt to great depths as 
witnessed by the following observation taken from another investigation* 
*Bulletin 106, Utah Expt. Station. Movemenr and Production of Nitrates in 
Irrigated Soil, Stewart and Greaves. 
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and which demonstrates that even on bare soils moisture changes may go 
on to the full depth reached by the soil augers. 
TABLE No. 21.-THE DEPTH TO WHICH MOISTURE LOSSES FROM BARE SOILS 
ARE FELT. (1904-08.) 
Time 
PER CENT OF WATER IN SOIL(WET BASIS) (Foot Sections) 
1 1 2 1 3 1 4 1 5 1 6 1 7 I 8 1 9 1 10 
SO~~i~:::n .... 19.77/19.01/19.05/16.03/16.01/14.41/12.65/12.35111.92112.04 
J~~x~~fr~~~a~~~n I 12.39 1 13.28110.44114.32114.33112.56111.18111.03110.6 111.21 
Loss ....... 1 7.381 5.73 1 8.61 1 1.711 1.681 1.851 1.471 1.321 1.231----0.83 
18. The Effect of Cultivation. 
The fact of such losses from bare soils has been confirmed repeatedly 
at this and other stations. It ha also been long known that such evapora-
tion may very largely be checked by proper surface cultivation.* Little has 
been done, however, to show. the saving of soil moi ture by cultivation under 
field conditions, and the following data, obtained in these inves6gations, are 
therefore introduced. 
T ABLE No. 22.-THE EFFECT OF CULTIVATION ON THE RATE OF Loss OF 
SOIL MOISTURE. (1902; to a depth of 8 feet.) 
Length of Period I Average Per Cent I Pounds of (Days After of Water at Water Lost Soil Treatment 
Irrigation) Beginning Per Square Foot 
31 1 17.19 
/ 
36.28 No Cultivation 
31 1 17.43 30.99 Cultivated Weekly 
20 1 16.67 I 22.37 No Cultivation 20 1 14.78 16.84 Cultivated Weekly 
20 1 16.95 
1 
15.87 NoCultivation 
20 1 17.59 12.38 Cultivated Weekly 
The great saving of soil water by cultivation is well brought out by the 
above figures. That very large moisture losses occurred also on the cultivated 
plats is explained by the fact that crops were growing vigorom;ly on them and 
abstracting water from the soil. On bare soils that are thoroughly cultivated, 
. *See Bulletins 104 and 105, Utah Experiment Station. 
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the loss may be reduced to a very small figure. Thus in 1902 a cultivated 
bare soil contained to a depth of 8 feet, 36 days after irrigation, only about 
one-half of one per cent less water than it did one day after irrigation. The 
amount lost depends directly upon the degree to which moisture-saving cul- . 
tural methods are applied. . 
Cultivation to be effective must dry out the top soil layer. for through 
a dry soil it is very difficult for capillary water to move. As far as possible, 
the degree of moisture should be reduced below the point of lento-capil-
larity. Table No. 23 demonstrates that under varying contents of soil" 
moisture, such drying out of the top soil, as a result of cultivation, really 
does occur. 
, . 
TABLE No. 23.-THE PER CENT OF MOISTURE IN THE FIRST SIX INCHES OF 
CULTIVATED AND NON-CULTIVATED SOIL. 
(About 25 days after Irrigation.) 
Month. ! Per Cent of Water 1 
I in First Six Inches 1 
-J t-l11-e- J-u-Iy-. -. -. . -. -. -.. -.-. -.. -.-. -.. -.-. ---'-·1-- 14.61 1 
" " .. .................. i 13.71 1 
July-August ······ .·· ········ 1 6.38 1 
"" ................. 1 4.38 1 
9.45 / 
6.95 
August-September ... . ....... / 
" " ........... 
Treatment 
of Soil 
No Cultivation 
Cultivated Weekly 
No Cultivation 
Cultivated Weekly 
No Cultivation 
Cultivated Weekly 
That cultivation tends to conserve soil water is probably beyond ques-
tion, but · the method and time of cultivation in irrigated districts are not 
known with definiteness. 
It may be remarked, also, that the conservation of soil moisture is only 
one of the benefits derived from frequent and deep cultivation. Other bene-
fits of equal or larger value, result from a vigorous stirring of the top soils 
of fields on which plants are growing. 
J. LOSSES OF SOIL WATER UNDER FIELD CONDITIONS DUE TO THE COMBINED 
ACTION OF EVAPORATION AND TRANSPIRATION. 
19. How Soil Water is Lost. 
Water which has once entered a soil may be lost therefrom by drain-
age, evaporation and transpiration. 
If water be added above the capillary capacities of soils, the excess will 
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move downward deeply and may c?mmunicate with the standing water-
table. The mutual relations of irrigation and drainage are dependent 
on the water thus lost by soils. 
The loss of water by evaporation from soils has just been discussed. It 
may be reduced greatly by proper cultivation. 
Plant roots take large quantities of water from the soil, which are evap-
orated from the plant leaves. This process is known as transpiration. * 
From a soil, wisely irrigated, on which crops are growing, water is lost 
both by evaporation and transpiration, but very little by drainage. While 
some of the soil water is being absorbed by the plant roots, another portion 
is moving to the surface independently of the plants to replace water that 
has there ' been evaporated. The actual loss of water from a cropped field 
is the sum of the losses due to evaporation, transpiration and drainage. 
20.. Ratio of Evaporation and Transpiration. 
The relative amounts of water lost from a cropped field by evaporation 
and tr.anspiration vary greatly, and depend chiefly on the thoroughness with 
which surface evaporation is prevented. In Table No. 24, which follows, 
the relative amounts of water lost from bare and cropped soils are shown 
when practically no cultivation was practiced to prevent evaporation. 
TABLE No. 24.-COM PARATIVE LOSSES FROM BARE AND FROM CROPPED SOILS. 
. . 
(190.2; depth of 8 feet.) . 
Initial Pounds of Water Lost Per Cent of Loss 
P er Cent of Days After Per Square Foot from Cropped 
l\10isture Irrigation Soils Due to Bare I Cropped E vaporation 
17 I 7 7.54 12.97 
I 
58.13 
17 I 14 10..0.8 18.35 54.93 
17 I 21 14.09 25.80. 54.61 
During the three weeks represented in the table, about 55 per cent of the 
water lost from the cropped plat was removed by direct evaporation from 
the soil; the remaining 45 % was undoubtedly taken up by the plant roots 
and evaporated from the leaves. It must be recalled, however, that, since 
plant3 shade the soil, and thereby greatly reduce evaporation, the 'evapora-
tion was smaller from the surface of the cropped than from the bare plat. 
R elatively more water was consequently lost by transpiration than is indicated 
in Table No. 24. 
When a little care is given to the prevention of surface evaporation, one-
*For a study of transpiration under arid conditions see Bulletin lOS, Utah 
Expt. Station. Factors Influencing Evaporation and Transpiration. 
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half or more of the water lost from a soil carrying plants, escapes through 
the leaves; as evaporation is diminish~d, the relative loss due to transpira-
tion is largely increased. 
In the present division of these investigations it is prop~sed to determine 
some of the important factors that tend to influence the total loss of soil water 
from fields on which plants are growing. In practice, evaporation C!nd tran-
spiration can not well be disassociated. 
21. Factors In fluencing the Loss of Soil Moisture. 
As has been shown 'in previous investigations,* the rate of loss of water 
from a soil on which plants are growing depends on, 
a. Nature of Soil. 
. 1. Chemical 
2. Physical 
3. Depth. 
b. Initial percent of water. 
c. Time. 
d. Meteorological Conditions. 
. 1. Temperature. 
2. Sunshine. 
3. Relative Humidity. 
4. Showers. 
5. Wind. 
e. Condition of Top Soil. 
1. Plowing. 
2. Cultivation. 
3. Packing. 
f. Kind of Crop. 
g. Age of Crop. 
The nature of the soil as a factor in the rate of loss of soil moisture 
is not discussed here, since these experiments were conducted on the very 
uniform soil of the Greeiwille Farm. The effect of the soil upon the loss 
of soil moisture was studied in the vegetation house, and the results partly 
I 
published in Bulletin No. 105 of this Station. The effect of the depth of the 
soil was well shown in the work on the College Farm, and the results have 
been published in Bulletin No. 80 O'f this Station. 
*Bulletin No. 80, Utah Expt. Sta. Irrigation Investigations in 1901. 
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22. The Effect of the Initial Percent of Water. 
The most important factor in determining the rate of loss of soil 
water is the average percent of water found in the soil at the beginning of the 
period selected for study, known as the initial percent. All other conditions 
being the same, the loss of water from two plats during a definite period of 
time varies as this initial per cent. 
TABLE No. 25.-THE EFFECT OF THE INITIAL PER CENT OF S OI L M OISTURE 
ON T H E Loss OF SOIL MOISTURE. 
1902 (Sampled to depth of 8 feet ) I 1903 ( Sampled to depth of 6 feet) 
5 5 22.91 21.59 1 I 6 I 17.20 \ 12.41 
5 11 17.87 13.24 1 6 13.23 . 14.88 
5 6 12.79 5.29 6 I 8 I 2(74 - 16.24-
6 I 20 22.76 20.11 .6 I 9 I 18.10 13.09 
6 9 18.03 11.19 6 6 14.83 7.87 
6 I 9 13.62 9.16 7 I, 4 I 22.48 17~79-
- - 7 I 23 I 17.21 I 8.92 7 15 17.72 10.36 
7 37 12.83 4.09 7 8 14.50 17.33 
-i~-I-~-I-i~:~~- I-i~:~~- ~. 'I ~ II i~:~g I i~:~-
13 I 7 I 17.77 1 14.38 8 6 13.59 8.09 
13 , 7 13.01 9.62 12 I 2 I 22.93 I 35~71 
14 I 26 I 17.14 I 19.31 12 1 3 I 18.16 20.43 
14 29 13.21 14.17 -13 1 2-1-20.93-' -26.48 
15 I 8 I 17.49 I 21.09 13 I 8 15,82 I 19.34 
15 I 5 13.59 11.84 13 I 2 I 12.74 I 14.01 
19 1 3 21.31 I 39.48 14 , 6 I 18.02 I 17.59 
19 I 10 17 18 
I 
23 36 14 I 3 I 13.77 I 18.98 
I 
. . 
19 4 13.19 15.99 15 I 2 1 22.53 I 27:84-
21 1 21 I 16,67 II 25.78 15 7 I 16.30 I 17.69 
21 9 12.66 19.49 28' 2-1-2C62-1-45~23-
- 35- 1- 7-1-17.40 - ,1 -32.41 - 28 I 3 I 15.17 I 35.42 
35 5 13.37 28.06 32 ' I 1 I 16.78 I f9~3'8-
1 I 31 I 3 I 12.23 I 11.34 I I -66- 1-2-1- 18.17 - 1- 30.29-
I I 67 I 3 I 16.53 I 18.31 
--~--~---~-----
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Table No. 25 demonstrates clearly that the rate of loss of water from a 
soil increases as the initial per cent of w ater in the soil increases. That is, the 
higher the initial per cent, the greater the loss; the lower the initial per cent 
the smaller the loss. Among the 404 single trials which are summarized in 
this table, only three failed to support the law as above stated. This law of 
the effect of the initial per cent was first stated in Bulletin No. 80 of this Sta-
tion; and has been verified, since that time, by several other investigators. 
The rea,son for this effect of the initial per cent can be fairly well under-
stood: The fine roots and root hairs come into contact with a comparatively 
small area of the soil water film. Hence, as water is drawn into the plant, 
there must be a flow of water towards the place of contact. I f the film is 
thick, the water will move with some freedom, and the plant, in a given time, 
and with the e~penditure of a given amount of energy, will obtain a larger 
quantity of water than ~ ould be possible if the film were thin, thereby offer-
ing greater resistance to the moving water. The same principle holds, gen-
erally, when water evaporates directly from the surface of the soil; the thicker 
the film, the more rapid will be the evaporation; the thinner the film, the 
slower the evaporation. 
The per cent of water in the soil is a fairly good measure of the thick-
ness of the soil water film, hence, the correctness of the law that the rate 
of loss of water from soils increases as the initial per cent of moisture in the 
soil increases. This is equivalent to saying that the more water a soil con-
tains to a given depth, the more is lost, in a given time, by 'plant and sun 
action. As 'far as these experiments hav-e been carried, this has practically 
always been true wherever the per cent of water was below the maximum 
capillary capacity and above the point of lento-capillarity. 
This fact seems to imply that plants are not able to regulate the amount 
of water taken up by the roots; but rather, that, assuming all other factors 
to be uniform, the rate of transpiration varies only with the ease with which 
water may be obtained. If this be the cas'e, plants may easily waste water if 
it is heaped up in the zone of r.oot growth, unless, indeed, the rate of growth 
be proportional to the use of water, a condition which does not appear to be 
true. 
In shallow soils, or in soils with a hardpan near the surface, a given 
amount of water is not given the chance of wetting the soil to considerable 
depth, and, as a consequence, the per cent of moisture is higher, which causes 
a mQre rapid loss of soil moisture. . From the point of view of the conserva-
tion of soil moisture such soils are, therefore, less economical than deep ones. * 
*See Bulletin No. 80, Utah Expt. Station, 1903, pp. 102-106. 
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A question of importance in connection with this matter is this: if two 
fields contain, respectively, 20% and 10% of water, will the loss of soil 
water, during any definite period, be twice as great from the one field as 
from the other? To answer this question,. the data of Table No. 25 have 
been summarized in Table No. 26. The ratios of the initial per cents are 
given, and also, the ratios of the corresponding losses of soil moisture. The 
lowest initial per cent, and the corresponding 10 es of soil moisture. The 
table is divided into two parallel sections. In the first, all the sections of 
Table No. 25 have been given equal value, while in the second, proper allow-
ance has been made for the number of single trials. 
T ABLE I O. 26.-RATIO OF THE INITIAL PER CENTS AND O'F THE CORRE-
SPOND! G LOSSES OF SOIL WATER. 
1902 (To depth of 8 feet) 1903 (To depth of 6 feet ) 
1-0 Ul 
Q)"@ 
,D ..... 8 1-0 ::l~ 
z ...... 0 
28 
130 
116 
.... .... 
, ..... 
..... .... 
.... ClSb/) 
..... 1l ClS b/) -0 0 1-0 Ul ..... ClSb/) UlClSo.o Q) t:: t:: '0 t:: Ul I-< ~I:I-<I: .......... I: b/) Q) ~ ..... o I: 1-<.5 Q) CIS o ~ ~ 'a .~u ~ a o Q) Q) ,D ..... CIS Q) Q) ';:: ~u~ a o 0.. Ul ..... 8 1-0 I-u ..... i:i .~u ~ I: ~ 1-o~·bD ~ 1-<~·bD ·z ~ 0 CIS ::l~ ~ 1-<~'bD ~ 1-<~'bD ClSI-<~ ~ ~Q) Q) ~Q) Q) ~ 2; b z'O « Q) Q) ~Q) Q) ~ ...... ~ ~ ...... ~ ~ ...... ~ ~ ..... ~ 
0 0 u.s
LJ 0 0 
Each sectiOn of Table No. 25 gIven equal value. 
22.33 1.69 2.09 23 21.93 1.62 
17.39 1.32 1.46 71 17.15 1.26 
13.20 1.00 1.00 34 13.56 1.00 
, ..... 
-0 0 
'0 I: Ul I-< o Q) Q) 
o 0.. Ul ..... 
·z ~ 0 CIS ClSI-<~ ~ ~ 2;b/) 
u.s 
2.02 
1.42 
1.00 
Allowance made for the number of single trials in Table No. 25. 
28 22.63 1.77 2.10 23 21.90 1.59 1.75 
130 17.14. 1.34 1.71 71 17.26 1.25 1.21 
116 12.75 1.00 1.00 34 13.81 1.00 1.00 
It is very evident from Table No. 26 that the ratios between the initial 
per cents are smaller than those between the corresponding losses of soil 
moisture. That is, the losses are proportionally larger from the wettest soils. 
The question asked above may ,then be answered thus; from a field contain-
ing 20% of water, the loss of soil moisture in a given time will be more 
than twice as much as that lost in the same time by a soil containing 10% 
of water. 
This result might have been foretold by recalling that a pO,rtion (about 
13% ) of the soil water is not easily subject to the laws of capillary 
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flow. It is the water above the point of lento-capillarity that de-
termines chiefly the ease with which water may be abstracted by 
plants, in ' the experiments tabulated above. Some function of the thick-
ness of the capIllary water film no doubt corresponds with the quantity of 
water taken up by plants. Preliminary experiments seem to show that if 
the lento-capillary water be subtracted from the per cents of water held by 
each of two or more soils, and the cube roots be taken of the remainders, 
that is of the water actually in the state of easy capillary movement, the re-
sults furnish an approximately true measure of the relative ease with which 
plants can abstract water from the soils in question. That is, the ease with 
which plants may draw water from soils varies as the cube root of the per-
cent of true capillary water. More extended observations may change this 
to some other function, but for these investigations, the cube root appears to 
hold. 
Meanwhile, this principle teaches the important doctrine that moderate 
irrigations are in all probability more economical than heavy ones; and it 
may explain why heavy irrigations do not yield proportional increases of dry 
matter. 
23. The Effect of Time. 
The importance of time as a factor in the loss of soil moisture is gener-
ally well appreciated by students of irrigation. The principles laid down in 
the preceding section make it certain that the rate of loss of soil water de-
creases as the loss goes on. This part of the investigation deals only with 
the approximate quantities of water lost during different times after irriga-
tion. ' 
Table No. 27 shows that the total loss of soil moisture increases stead-
ily with the time. It is also evident that the rate of loss decreases as the 
time increases. The proportional loss of water at different times after irriga-
tion is shown in Table 'N o. 28, which is constructed from the data of Table 
No. 27. 
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TABLE O. 27.-THE EFFECT OF TIME ON THE RATE OF Loss OF SOIL 
MOISTURE. 
L ength of I 
Period After 
Irrigation 
(Days ) 
9 I 
19 I 
2 I 
6 I 
14 I 
20 I 
35 I 
6 I 
14 I 
20 I 
35 I 
4 I 
7 I 
10 ' I 
14 I 
18 I 
21 I 
28 I 
4 I 
7 I 
11 I 
14 I 
18 I 
21 I 
28 I 
4 I 
7 I 
10 I 
14 I 
(In 1902. To depth of 8 feet. ) 
Number 
of Trials 
25 
3 
5 
43 
49 
31 
7 
52 
46 
13 
5 
I 
(In 1903. 
30 
I 15 
9 I 
12 
I 5 
2 I 
2 I 
19 
32 
9 
21 
3 
2 
I 3 
17 I 
20 I 
7 
I 14 
Average 
Per Cent 
of W ater at 
Beginning 
22.84 
21.31 
16.23 
17.70 
17.39 
16.93 
17.40 
13.08 
13.38 
12.93 
13.37 
I 
Average I 
Per Cent 
of Water in 
First Foot 
I :::::::::::: I 
.... . . .. . . .. 
. ..... .... . . 
....... . . .. . 
. .. . .... . . . . 
. ...... .. ... 
I ...... .. . . .. 
.... . ..... . . 
..... . . .. ... 
. .. . . .. . . . . . 
To depth of 6 feet. ) 
21.79 
I 
24.01 
21.85 23.61 
22.93 25.14 
22.64 25.40 
22.63 25.11 
21.52 28.09 
21.61 26.70 
17.01 18.79 
17.53 21.53 
17.93 24.41 
16.61 22.68 
17.25 22.45 
16.85 22.14 
15.17 22.07 
12.43 13.26 
14.32 20.02 
13.07 18.69 
12.81 19.40 
I 
I 
I 
I 
1 
Total Loss 
of W ate r per 
Square Foot 
(P ound s) 
20.85 
39.48 
5.45-
11.12 
18.35 
24.57 
32.41 
6.18 
11.79 
17.24 
28.06 
13.26 
16.91 
25 .83 
29.34 
39.59 
39.00 
45.23 
11 .20 
12.94 
23.10 
18.29 
20.97 
22.73 
35.42 
11.35 
11.72 
12.08 
16.5 1 
During the fir t 7 days of a 14-day period, 52 <J( to 71 <J( of the total 
loss occurred. The variation depended apparently upon the amount of water 
in the soil at the beginning; about 30 <J( of the amount lost during the first 
week was lost during the first two days after irrigation. 
During the first 7 days of a 21-day period, 36 0/£ to 49 0/£ of the total loss 
occurred, the variation again depending chiefly upon .the initial moisture co~-
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tent. In this case also, nearly one-half of the amount lost the first 7 days, 
was lost during the first two days after irrigation. 
T ABLE No. 28.-RELATIVE Loss OF SOIL MOIST U RE D U RI G DIFFERE T 
PERIODS AFTER IRRIGATION. 
'0 !! Q) ~ ~ ~ !!Q) 
'";jQ)§ '" 
~ ~ "'~s::o "'~ ,-.... PER CE NT OF LOSS FROM E - r:: Q) E r::._ 0 '";j~~~~ :> E'z ",Q)~ 
'xU ~~ ~.- '" 'x'zU '" ~ 0' 0 r:: Q)~ bIl 2'13 ~~ 2~~E o'O(j)~ g ~ .- ~ Ul ~ p... I st-7th 18th-14th 115th-21 st 121 st-28th ~ E t: 0..1-4 Q) 4-< g:p...~~ 0.. p... 0 Ul Q) ........, 
. day 1 day day day " 01-4 
-< -< 00.. ~ ~ 4-< 
( In 1902. To depth of 8 feet. ) 
14 days 13 I····· · .\ 11.79 
\ 
52 
\ 
48 \ ... 32" \::::::: 21 days 13 ....... 17.24 36 32 
14 days 17 I······ ·1 18.35 II 62 II 38 I···· ·· ·1······· 21 days 17 I·"····· ·1 24.57 45 30 1 25 I··· ···· 
19 days 22 I······ ·1 39.48 I 53 I 47 1····:· ·1······· . 
( In 1903. To depth of 6 feet. ) 
14 days 1 22 
1 
25 
\ 
29.34 58 
I 
42 , ..... ·1 ·· ·· · 
21 days 1 22 25 39.00 43 32 25 I ....... 
28 days I 22 I 25 I 45.23 37 1 27 21 I 14 
14 days 1 17 I 
22 
1 
18.29 
I 
61 39 I ··if l :::i~:: 21 days 1 17 22 22.73 49 31 28 days I 17 22 I 35.42 I 32 20 
14 days 1 13 18 16.51 71 29 I······ ·1·· ····· 
During the last 14 days of a 21-day period there was a steady decrease 
in the " rate of loss, but the decrea e was, in every case, most rapid, when 
the initial moisture content was high. 
Here, again, the appar~ntly excessive loss on wet soils is emphasized; 
and the value of moderate irrigations suggested. 
The data of the preceding Tables No. 27 ~nd 28 teach that methods 
designed to conserve soil moisture, sh"111,-l be put into operation as soon as 
possible after irrigation. If cultivation is practIced it should be done as soon 
as the soil is dry enough to support the tools without injury to the structure 
of the soil ; if it is postponed a week from the time of irrigation, as is often 
the case, more than one-half of the total water applied will in many instances 
have been lost. 
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24. The Effect of Meteorological Conditions. 
Meteorological conditions exert a marked influence upon the loss of soil 
moisture, bu~ they are so complicated in their relations that it is very difficult 
to eliminate all other factors leaving only those that are wholly of a 
meteorological nature. Special experiments, made with special appartus, are 
necessary to .establish the quantitative value of meteorological factors as 
affecting the loss of soil moisture. The importance of the data to be presented 
lies in the fact that the observations were made on soils actually used for 
crop production, and under field conditions. It must be borne in mind that 
far-reaching conclusions cannot be drawn from' the data of Table No. 29. 
In Bulletin No. 80, pp. 110-116, tables and discussions are found that 
lead to the conclusion that temperature is the most important meteorological 
factor in causing loss of soil moisture; sunshine next, and relative humidity 
last. 
TABLE No. 29.-THE EFFECT OF METEOROLOGICAL CONDITIONS ON THE RATE 
OF Loss OF SOIL MOISTURE. 
... ~ 
QJ bD Ul 
.ot::"'@ 
EiJ)';:: 
z'OE-< 
49 
52 
86 
97 
64 
43 
49 
73 
Av.62 
Av.10 
I 
I 
I 
I 
I 
I 
t:: OJ ........ 
~~Ul-g ~ E ~' ;:: 
>::lQ 0) 
-<z .... Po; 
° 
10 
10 
10 
10 
9 
9 
9 
9 
10 
10 
(In 1902. To a depth of 8 feet .) 
+"' 
OJ ..... CIS bD 
bD t:: .... 5 
CIS OJ OJ t:: I-.U~ t:: ~ I-.~·So 
-<0) 0) 
Po;4-<~ 
° 
-, 
13.76 
13.88 
16.38 
16.35 
15.42 
16.51 
15.97 
17.09 
15.66 
15 .. 69 
I 
bD 
t:: ~ 
"+004-;::: ~ 
° ::s' -g ~~ 
Ult=l· ... CIS t:: 
Ul I-. ~ ::s ::s 
° OJ Po; 0' 0 ~~ (/) Po; 
~ 1-. '--' OJ 
0. 
10.03 
13.88 
13.22 
16.32 
14.44 
12.72 
11 .99 
15.53 
11.99 
15.04 
I 
OJ I-. 
OJ ::s blJ ..... ~ E . 0) o.U ~~ 
~ 
67 
74 
65 
73 
71 
65 
67 
72 
66 
73 
I 
.... 
OJoOJ-c 
blJ ..... > ..... 
CIS t:: ..... '"0 1-.0) ..... ..... 
O)u~ a 
> OJ::s -<~~~ 
Po; 
51 
48 
53 
48 
47 
56 
54 
48 
54 
48 
I 
I 
I 
.... 
OJ 0'0 QJ 
blJ I-. .5 
ClSOJUl..c:: 1-..0 1-0 Ul 
~ a g t:: -<z~~ 
106 
108 
91 
102 
96 
86 
74 
97 
89 
101 
It is unfortunate that in all the sections of Table No. 29, a high tempera-
ture, much sunshine and a low relative humidity coincide, for the tendency 
of all these factors is towards an increased loss of soil moisture. It is, there-
fore, useless to attempt the establishment of the relative values of the factors 
in question. 
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However, Table No. 29 teaches that, without question, increasing the de-
gree of temperature, and the hours of sunshine and decreasing the per cent 
of relative humidity, will result in an .increased loss of soil moisture. 
As the average result of Table No. 29 it may be observed that increas-
ing the temperature 7 degrees F., the sunshine 12 hours, and decreas-
ing the relative ·humidity 6% , caused an increased loss of soil moisture dur-
ing a period of 10 days of 3.05 Ibs., or more than 20% of the total loss. 
This is certainly an item worthy of consideration. Whether carbon assimila-
tion and other vital processes of the plant are increased in a like degree by 
this ' difference in meteorological conditions is somew~at questionable. 
25. The Effect of the TYater in the First Foot. 
The relative conditions of the top and sub-soil affects in many important 
particulars the rate of loss of soil moisture. It is known that soil moisture 
passes very slowly through dry soil; and that a top layer of dry soil checks 
very effectually the direct evaporation of soil moisture. Data were obtained 
in these experiments that show that the amount of water in the top foot 
influences strongly the total loss of soil water. These results are. exhibited in 
Table No. 30. 
TABLE No. 30.-THE EFFECT OF W ATER IN THE FIRST FOOT ON THE RATE 
OF Loss OF SOIL MOISTURE . 
.. 
Length of I Per Cent 
I 
Average Loss of Water 
Period After Number I of Water in Per Cent per Square an Irrigation of Trials First Foot of Water in Foot (Days) 8 Feet (Pound s) 
In 1902. To depth of 8 feet. 
5 5 
I 
25.62 
I 
18.38 14.70 
5 6 21.08 17.44 11.03 
6 5 
I 
29.32 
I 
24.51 21.21 
6 8 26.95 23.57 20.57 
6 6 
I 
24.22 
I 
21.01 12.36 
6 9 25.64 21.83 17.96 
6 9 
I 
24.69 
I 
18.63 13.14 
6 5 . 20.84 17.64 5.66 
6 5 
I 
21.03 I 13.28 12.97 6 6 13.77 13.60 9.88 
7 14 
I 
23.22 I 17.57 13.30 7 13 16.64 16.55 8.48 
7 17 I 17.04 
I 
13.24 8.15 
7 18 I 9.68 12.76 8.83 
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TABLE O. 30.-THE EFFECT OF THE W TER I THE FIRST FOOT 0 r THE 
RATE OF Loss OF SOIL MOISTURE. (Continued.) 
Length of I I P C t I verage Per Cent I Loss of Water 
Period After Number of Wat::1 in of vV:ater in .8 'per Square 
an Irrigation of Trials F' t F t Feet In 1902; 111 Foot (Days) Irs 00 6 Feet in 1903 (Pounds) 
14 
14 
14 
14 
21 
21 
21 
21 
28 
28 
35 
35 
39 
39 
13 
13 
In 1912. To depth of 8 feet. 
12 I 24.14 I 17.81 
10 17.85 17.04 
12 I 19.09 I 14.00 
10 10.94 13.26 
10 , 24.97 I 17.19 
8 ' 18.36 16.21 
4 I 15.16 I 12.56 
5 7.43 12.76 
23.17 
18.62 
14.51 
18.22 
29.34 
23.83 
20.94 
16.54 
7 " 26.17 I 17.60 31.14 
6 15.54 16.05 25.38 
4 I 23.89 1 17.35 29.40 
4 17.38 16.89 30.79 
4 I 18.92 I 12.05 28.39 
. '4 11.97 13.13 30.62 
, 4 1 27.99 \ 18.32 ---;---:1~6.--:::-::69~-
,4 20.73 17.01 10.36 
-------'------=I-n--'-,-I-=-90- 3-.-T-o depth of 6 feet. 
1 , 2 , 13.83 1 17.25 
1 , 4 ,18.86 17.17 
7.06 
15.09 
----;---=-;-:::---
1 , 3 I 12.70 I 12.73 7.48 
1 I 3 '27.59 13.72 22.27 
2 I 3 I 13.15 I 16.28---;----,-1-=-0.-Y2:--· -
2 ,4 22.46 16.95 18.42 
2 . I 4 I 10.95 I 11.84 7.46 
2 ,2 18.97 14.27 15.72 
3 I 5 1 15.88 1 15.85 19.19 
3 I 2 27.99 19.79 24.86 
--4--1---1--1--19.91--1--20.28-----;-.-----=27=-.8:::-:6:--.-
4 I 3 24.38 22.00 17.63 
4 I 2 I 16.42 I 17.70 7.86 
4 ,2 22.13 17.12 9.19 
4 I, 3 I 11.72 I 13.02 16.44 
4 3 16.60 15.08 9.59 
5 'I 4 I 12.39 1 16.09 10.70 
5 4 22.77 18.16 15.62 
~--~~--T-~~~--
5 II 2 I 8.58 ', 8.26 13.16 
5 3 13.85 11.50 8.91 
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TABLE No. 30.-THE EFFECT OF THE WATER II THE FIRST FOOT ON THE 
RATE OF Loss OF SOIL MOISTURE. ( Continued.) 
Length of I I I Average I Loss of Water 
P eriod After I Number or\V;t~~\n P er Cent per Square 
an Irrigation of Trials First Foot of Water in Foot (Days) . 6 F eet (Pounds) 
6 , 3 I ·~2~1~.6~8--~I --~21~.1~2--~'--~1~3.~43~-
6 ,5 24.47 22.11 I 17.92 
--6--'--2--'1--14.49 I 14.31 , 1.57 
6 , 4 25 .26 15.08 I 11.02 
7 , 7 I 17.15 I 17.19 I 8.40 
7 ' 8 21.92 18.18 12.07 
~------~--~----------
7 , 2 I 15.64 I 14.07 I 13.21 
7 , 6 19.61 14.64 18.70 
8 , 2 I 20.09 I 17.88 I 11.63 
8 ,6 25.11 17.75 10.34 
8 , 3 \ 18.05 \ 13.09 \ 2.76 . 
8 ,3 22.41 14.08 13.42 
9 , 4 I 25.65 , 23.25 I 18.40 
9 '2 30.00, 23.21 28.58 
9 " 2 I 17.39 I 14.07 I 5.35 
9 1 21.50 11.89 25.68 
~----------~---------
12 ,2 23.04 I 17.60 I 18.56 
12 ' 1 30.38 19.27 24.18 
13 
13 
14 
14 
15 
15 
15 
15 
18 
18 
21 
21 
21 
21 
"62 14.91 I 15.07 . / 5.27 
24.81 16.07 24.03 
" 
42 21.54 I 17.70 , 8.69 
23.83 18.18' 22.04 
',25 18.23,' 15.94 " 15.38 24.56 16.44 18.61 
' 3 16.38 I 11.95 , 15.52 
,4 20.75 13.65, 21.26 
'3 23.92' 22.19 ' 1 38.00 
"' 2 26.90' 23.28 41.98 
,1 26.90 1 21.26 , 33.60 
I 1 29.29 21.78 I 44.41 
,1 19.05' 15.39 1 7.88 
,1 25.24, 18.33 30.05 
24-,-2- --15.95 " 14.02 1 6.47 
24 ,2 20.21 14.84 12.96 
------
In this table, plats were selected that contained approximately the same 
average per cents of water to a depth of 8 feet, but which contained different 
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amounts of water in the first foot. The table shows for 1902 that in 11 out of 
15 comparisons, the plat which contained the highest per cent of water in the 
first foot, lost the greatest amount of water; and for 1903, that 23 out of 27 
comparisons obeyed the rule. 
The greater loss from plats, otherwise alike, that contain a large amount 
of water in the first foot, may be explained in part by the g'reater root devel": 
opment in the first foot; but as it has been shown that roots are well devel-
oped in arid soils to a depth of 4 to 8 feet, root action in the first foot can not 
be the only cause: Another cause is very likely due to the fact that, when 
the upper soil foot is wet, more water is lost by evaporation from the soil 
surface. 
One lesson at least may be drawn from the data of Table No. 30. To 
prevent the accumulation of water in the upper foot, and the consequent 
greater loss of soil moisture, land should be plowed deeply, so that the irriga-
tion water will have a better chance of reaching the lower. soil layers. For 
the same reason soils should be kept moist enough to permit water to descend 
quickly. The limiting of the development of roots in the upper foot by deep 
cultivation might also be advantageous. 
26. The E ff ect of Cultivation. 
Closely allied to the subject of the preceding section is that of cultivation ~ 
or stirring the top soil, as a means of conserving the soil moisture. It is 
taught that cultiv,ation tends to destroy the capillary connection between the 
top soil and the lower soil sections, and in that manner prevents the capillary 
rise of water to the surface. In addition to this it must be recalled that, in 
arid climates at least, cultivation tends to dry out the upper six inches of 
soil so much, that the resulting dust is able to check evaporation, directly, be-
cause of its dryness. It is seriously to be questioned, ii the drying out of the 
soil due to cultivation, is not as effective in checking the evaporation as the 
.breaking of the capillary connection with the lower soil layers. 
It is difficult to get data on this subject in the field, and a fuller discussion 
of the subject has appeared in Bull~tin No. 105. Yet, some data were ob-
tained in the field which may be found under Section H of this bulletin. 
27. The E ff ect of the K ind of C1'OP. 
Different plants evaporate (transpire ) water at different rates. This 
rlepends on various factors. The relation between the extent of the root 
system and the leaf surface will condition. in .a measure, the rate of trans-
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piration. The more or less perfect shading of the soil by the crop deter-
mines in part, the evaporation from the soil. Other factors, depending on 
the nature of the crop, likewise affect the rate at which moisture is lost from 
the soil. 
From the experiments made in 1901 on the shallow land of the College 
Farm, the following list was prepared, in which the crops are arranged ac-
cording to the rate at which they appeared to cause loss of soil moisture. * 
The crop which had the highest rate, heads the list. 
1. Potatoes 
2. Oats 
3. Wheat 
4. Com 
5. Sugar Beets 
In table No. 31, the results obtained in 1902 and 1903 on the deep soil 
of the Greenville Farm, are shown. 
TABLE No. 31.-THE EFFECTS OF 'DIFFERENT CROPS UPON THE RATE OF 
Loss OF SOIL MOISTURE. 
Length 
of Period 
(Days) 
6 
6 
6 
6 
6 
6 
6 
6 
13 
13 
15 
15 
18 
18 
20 
20 
In 1902. To depth of 8 feet. 
Number I 
of Trials 
6 
8 
21 
37 
12 
6 
11 
16 
5 
15 
7 
14 
4 
4 
22 
32 
Kind 
of Crop 
Loss of 
Water per 
Square Foot 
(Pounds) 
Per Cent 
of Water at 
Beginning 
Oats 17.08 19.82 
Wheat 17.19 20.00 
Wheat 13.77 15.05 
Beets 6.75 15.45 
Whe-at----T---~1~3.~7~2--~--~1~5~.9~8---
Corn 9.16 15.90 
Corn-----+--~I~I~.3=3~--T---~1~6~.3~5~--
Beets 11.62 16.59 
Potatoes 18.67 17.87 
Wheat 24.21 . 18.33 
Potat-o-es--~----~2~2~.6~2----T----l~8~.06~---
Beets 19.41 18.35 
Corn 27.26 18.53 
Beets 32.52 17.68 
Wheat 24.39'- -;-.---::--:15.-:.84---
Beets 20.29 16.11 
*Bulletin No. 80, Utah Experiment Station, pp. 116-118. 
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TABLE No. 31.-THE EFFECTS OF DIFFERENT CROPS UPON THE RATE OF 
Loss OF SOIL MOISTURE. .( Continued.) 
In 1903. To depth of 6 feet. 
Length Average Lo of W ate r Number Kind Per Cent 
of Period of Trials of Crop of Water at per Square Ft. (Days) Beginning (Pounds) 
1 1 Potatoes 16.96 I 10.49 
1 2 Corn 16.98 I 7.82 
1 2 Wheat 17.48 
I 
13.80 
1 1 Peas 17.31 20.75 
1 3 Wheat 12.67 
I 
17.78 
1 3 Corn 13.78 11.97 
2 3 Wheat 16.11 I 21.20 2 3 Corn 16.75 11.03 
2 5 Wheat I 12.32 
I 
10.80 
2 1 Sugar Beets . 14.32 7.28 
3 1 Potatoes 
I 
20.86 I 19.48 
3 1 Lu ern 18.73 I 30.25 
4 1 Oats 
I 
14.38 
I 
12.12 
4 3 Wheat 13.02 16.44 
I 
5 3 Potatoes I 22.85 I 11.75 
5 2 Sugar Beets I 22.17 I 17·62 
5 1 Corn 
I 
24.46 1 16.12 
5 1 Lucern 23 .09 
. 1 18.57 
5 4 Potatoes I 21.42 1 7.2 
5 6 Sugar Beets 21.28 1 10.90 
5 2 \tVheat I 
21.47 I 18.78 
5 3 Lilcern 21.37 I 8.84 
5 1 Wheat 
I 
14.38 1 15.43 
5 2 Corn 13.26 I 5.96 
6 3 Wheat I 
22.50 
I 
16.73 
6 1 Oats 23 .44 34.78 
6 · 1 Corn . I 20.85 I 
14.86 
6 1 Sugar Beets 20.42 12.35 
6 1 Potatoes I 
15 .31 1 24.07 
6 1 Lucern 15.64 1 13.01 
7 1 Corn I 21.73 I l'C80-
7 1 Sugar Beets 21.79 1 13.41 
7 1 Potatoes I 23.13 1 
25~41-
7 1 Lucern 23.25 1 20.52 
THE MOVEMENT OF WATER IN IRRIGATED SOILS. 251 
TABLE No. 31.-THE EFFECTS OF DIFFERENT CROPS UPON THE RATE OF Loss 
OF SOIL MOISTURE. (Continued.) 
__________________ I_n_l_903~?~ep~t_h_o_f __ 6_f~e-et-.-----------------
Length I I Average Loss of Water 
of Perl'od Number Kind Per Cent S F of Trials of Crop of Water at per quare t. 
___ (D~ay_s_) __ ~ ____ ~ __ ~ __ ~____ Begin.n~i_n~g __ ~ ___ (_P_O_Ul_ld_S_) __ 
8 1 I Potatoes I 20.20 14.16 
8 1 Corn I 20.88 20.42 
9 1 I Bromis, Inermisl 22.36 19.79 
9 2 I Timothy I 23.22 15.93 
13 5 I ' Wheat \ 16.04 27.11 
13 1 Sugar Beets 16.23 8.65 
14 1 I Potatoes I 23.42 29.44 
14 2 Timothy 22.45 24.93 
15 1 I Potatoes I 24.82 18. 16 
15 1 Wheat 20.23 37.52 
15 5 I Wheat I 12.42 22.28 
15 2 ' Sugar Beets 14.17 10.11 
18 1 I Orchard Grass l 23.29 48.11 
18 1 I Timothy I 23.02 25.20 
It i an intere ting fact that for 1902 the order is nearly the same as 
that established in 1901. During the first week after irrigation the order is as 
follows: 
1. Wheat} 
2. Oats N early the Same. 
3. Potatoes 
4. 
5. 
Beets} , 
C .i. early the same. orn . 
After two weeks the order was as follows: 
1. Wheat 
2. Potatoes 
3. Beets 
4. Corn 
( Oat not included in experiments) 
For the eason of 1903, it seemed that during the days immediately after 
irrio-ation, peas had the highe t rate; wheat next; potatoes and sugar beets 
rollowed; during thO fir t week after irrigation practically the arne order 
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was found with corn coming last; and during the third week after irrigation 
the order was practically unchanged,. 
The general conclusion that may be drawn from these results is that 
early maturing crops cause the highest rate of loss of soil moisture. A dis-
tinction must be made, however, between the total amount of water used 
by a crop, and the rate at which that water is used. Wheat and oats which 
mature early, use less total water than sugar beets and other longer growing 
crops; but the amount of water used in a day appears to be larger for wheat 
and oats than for the other crops that were investigated. The rate of loss 
of soil moisture bears probably a definite relation to the rate of gain of dry 
matter, or the sum of the life processes of the plant. This phase of the 
question will be examined in a future bulletin. 
It is very probable also that the relative' powers of plants to abstract 
water from the soil vary according to the per cent of moisture in the soil. 
For instance, one crop may show the highest rate of water absorption when 
the soil is wet; but a lower relative power when the soil is dry. This subject 
needs further investigation with respect to the plants that will endure very 
dry conditions, such as prevail where the supply of irrigation water is small, 
or in dry-farming. 
As an incidental contribution to this subject attention may be called to 
table No.9 which shows the extent to which the deep soils of the Greenville 
Farm were dried out by various crops. 
The order appears to be: 
1. Lucern 
2. Wheat 
3. Oats 
4. Corn 
S. Peas 
6. Sugar beets 
7. Potatoes 
From this it would seem that the grain crops have the power of ex-
hausting the soil more thoroughly of water than the roots or tubers. 
28. The Effect of the Age of the Crop. 
The rate of loss of soil moisture depends partly upon the age of the 
crop. When it is young and small much less water is removed from the soil 
by transpiration then when the plant is older, larger and in vigorous growth. 
Late in the plant's life, when ripening sets in, transpiration again beco'mes 
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smaller, and as a consequence, the rate of loss of soil moisture is reduced. 
We should expect, therefore, to find that the rate of loss of soil water in-
creases and then decreases, as the plant completes its life cycle. The subject 
is difficult to study under field conditions, for the elimination of other factors 
is well nigh impossible. 
Table No. 32 contains the results of some field tests, which however 
give undoubted evidence of the truth of the statement that the rate of loss of 
soil moisture varies with the age of the crop._ 
TABLE No. 32.-EFFECT OF AGE OF CROP UPON RATE OF Loss OF Son. 
MOISTURE. 
... ~ bO .... ... Average ..... ~ g---- ..... ... 0 o <Il .... 0 
Length Number v ~ ~.5 o o.~.o <Ilj ~~ 
of of bO U ~ a ~~ v § ] .... bt: Month 
Period Trials ~ .... ~·bD 0 .... .... 0 g ~ . C;; ~ v v v ~ CIl ~~ (Days) ~~ol=Q ~ 0""-' ~ CIl O 0" CfJ ~ CfJ 
(In 1902. To depth of 8 feet.) 
CORN. 
8 8 20.29 16.49- 2.06 July 
8 10 18.66 24.56 2.46 August 
8 9 22.20 18.64 2.07 September 
SUGAR BEETS. 
10 38 17.61 13.30 1.33 July 
10 46 15.52 15.29 1.53 August 
15 10 14.31 15.58 1.04 September 
WHEAT. 
7 13 15.83 16.88 1:29 July 
1.4 14 12.22 13.28 0.95 August 
( 1903. To a depth of 6 feet.) 
CORN. 
6 4 
I 
18.19 20.66 3.44 July 
6 6 18.59 15.41 2.57 August 
8 1 16.41 12.07 1.51 September 
WHEAT. 
7 3 17.64 17.83 2.55 June 
5 1 21.76 21.99 4.40 July 
6 1 20.22 16.60 2.77 August 
OATS. 
9 2 15.73 8.87 0.99 June 
7 4 16.03 20.30 2.90 July 
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Table No. 32 shows that sugar beets used more water in August than in 
July or September; wheat used more in July than in June or August; and 
corn in 1902 used more in August than in July or September, and 'in 1903, 
most in July and least in September. These results are in harmony with our 
knowledge of the nature of the growth and the length of the growing season 
of these crops. It is probable that the amount of irrigation' water ~hould be 
increased to correspond ' with the increase in the weight of the crop, until 
the period of ripening and low transpiration sets in. 
J. MISCELLANEOUS. 
29. The Loss of Soit vVater fyom Various Depths. 
It is of interest to know at what depths water is lost most rapidly, dur-
ing various times after an irrigation, under the influence of the factors 
which have been discussed. According to the law of distribution discussed 
in this bulletin, the upper are always wetter than the lower feet. The rate 
of loss will therefore be more, rapid in the upper soil sections. In fact the 
gain and loss of soil water range through greater limits near the surface 
than lower down in the soil. However, water stored, at least in the capil-
lary form, far berow the reach of crop roots, is drawn upon as water-loss 
proceeds. 
While theoretically the loss of water from various depths may be de-
termined, it may be of interest to submit some data secured actually in the 
field which sho~ how the amount of water diminishes as the depth increases, 
during different periods after irrigation. 
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TABLE NO. 33.-THE Loss OF WATER BETWEE V ARIOUS DEPTHS. 
'+< .... 
o Q) I=: 
.... ~.~ 
J5<~ 
E ~.~ 
;::l c;! t: 
ZQ~ 
1 
7 
14 
21 
1 
7 
14 
21 
28 
35 
1 
7 
14 
21 
1 
7 
14 
'0 
.... en Q)..-
..o.~ E .... ;::l~ 
Z 
1 
5 
5 
I 5 
I 5 
I 8 
Per Cent of Water at Different Depths of Soil 
(Foot Sections.) 
1 2 I 3 I 4 5 6 I 7 
In 1902. 
CORN. 
23.58 116.87 18.21 16.99 15.98 14.63 13.16 
17.68 14.63 14.99 14.43 13.51 13.69 12.35 
13.29 110.27 12.52 13.30 12.99 12.79 11.88 
11.94 9.43 11.19 12.86 12.44 12.70 12.15 
SUGAR BEETS. 
22.69 19.68 16.35 15..77 14.42 
8 
13.02 
11.78 
12.01 
11.01 
15.43115.30 1 14.85 
1 · 8 14.02 15.84 16.35 17.29 14.76 16.79 15 .90 14.26 
13.88 I 
I 
I 
I 
I 
I 
I 
I 
8 9.96 12.11 14.08 14.70 14.14 14.18 14.05 
8 7.54 8.08 12.58 14.37 14.90 13.57 12.71 14.07 
8 7.39/ 9.09 10.37 /13.03 12.58 13.84 13.56 13.26 
8 I 5.64 8.09 9.78 11.88 11.92 I 13.75 14.07 13.68 
WHEAT. 
9 22.07118.56 16.45 15.67 13.63114.05 14.39 13.72 
9 13.29 13.32 13.42 14.33 13.85 14.74 14.68 12.55 
9 10.67 11.78 12.84 13.60 13.24 13.73 14.50 13.05 
9 9.45 I 10.74 11.45 11.81 11.58 I 13.25 12.86 13.99 
BARE SOIL. 
4 121.77119.84121.33 I 20.36119.38/16.09112.64113.15 
4 19.24 16.49 19.93 1 20.66 19.19 14.70 13.89 12.57 
4 I 17.96 18.44 18.95 18.98 18.74 I 15.65 12.55 12.14 
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TABLE No. 33.-THE Loss OF WATER BETWEEN VARIOUS DEPTHS. 
(Continued. ) 
Crop 
1 I 2 Lucern 
81
2 " 
16 2 " 
28 2 " 
1 I 2 Sugar Beets 
8\2 " " 16 2 " " 
19 .1 2 " " 
1 I 5 Corn 
615 " 
" 
19 5 " 
Per Cent of Water at Different Depths of Soil. 
(Foot Sections.) 
1 2 I 3 4 · I 5 I 6 I Av. 
In 1903. 
19.99 18.11 15.32 10.52 7.71 9.84 ... . 
17.66 17.10 14.01 10.35 7.69 9.20 ... . 
15.72 14.42 14.13 10.95 8.03 9.53 ... . 
13.01 12.92 12.16 9.88 8.13 9.03 ... . 
25.29 18.66 17.19 16.551 .... . . . . . .. . 
18.77 17.14 19.41 17.60 . . . . . . . . . . . . 
14.16 15.71 17.20 17.00 . . . . . . . . . .. . 
11.18 13.30 15.86 14.26 I .... .... .. .. 
24.46 22.88 20.02 16.89 I 14.89 14.68 ... . 
17.63 16.85 15.60 14.76 I 14.91 13.08 ... . 
13.36 ' 13.98 15.10 15.51 I 14.03 13.04 ... . 
11.10 11.13 12.21 12.74 I 11.21 10.79 ... . 
~~~~------~~ ~~:~~~---~----~---
1
15.94 '115.82115.12 14.96 . ····1 .... I ... . 
13
1
5 
1 I 31 Oats 
7 I 3 " 
13 I 3 " 
1 I 21 Wheat 
812 " 
13 I 2 " 
Month 
1 I 3 J July 
91 3 I " 
16 3 I " 
20 I 3 I " 
1 I 3 I August 8 I 3\ " 
15 I 3 " 
22 I 2 I " 
12.48 12.40 14.41 11.37 . . . . . . .. \ ... . 
9.44 10.96 - 10.93 12.76 . . . . . .. . 
I 27.65 1 16.64 I 18.00 16.28 I 17.83 112.65 1- '-' .-. 
'
-16.73 13.31 114.55 16.01 I 15.61 13.01 ... . 
11.27 10.88 14.42 14.01 I 14.19 I 12.42 ... . 
BARE SOIL. 
1
24.81 I 21.53 _\21.17 I 19.83 I 16.41 13.231 19.46 
16.12117.83 16.97 17.57 13.68 10.32 15.42 
16.42 18.30 118.17 19.56 16.56 13.26 17.05 
I 15.36 14.80 17.93 16.90 13.59 13.40 I 15.33 
\ 
23.62 21.43 \ 23.34 22.09 I 17.65 115.33 \ 20.58 
17.40 18.65 19.45 18.91 I 17.42 15.41 17.87 
1
17.22 17.97 I 20.35 19.37 I 16.06 I 15.01 \17.66 
15.86 I 18.78 I 19.38 19.70 I 17.43 I 15.57 17.79 
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There is no need of special comment on the data of this table. . The 
10 es of water are felt to the full depth of the sbil auger. The weekly 
los es vary in general with the per cents of water in the different oil sections, 
at the beginning of the week; with the exception that the upper two ·feet 
and especially the top foot , are dried out much more than in the lower feet. 
The top foot receives the full effect of the sun hine and wind, and the more 
abundant root development in the upper feet probably permits a more com-
plete utilization of. the hygroscopic water. It is noticeable that at the 10\\ er 
oil depth the pe·r cent of water is seldom reduced much beyond the point 
of lento-capillarity. 
1 he general gradual decrea e in the per cent of soil watey throughout 
the whole soil depth reached by the auger, as shown by table :r\ o. 33, al 0 
11)akes it clear that, in the soil, water moves rapidly from place to place, to 
supply the points from .which water is drawn by plant roots. The film of 
v. ater surrounding the soif grains is extremely mobile a long a it is above a 
certain thickness, and this film must be imagined to be in con tant motiol1~ 
ever attempting to establish a condition of equilibrium . . 
30. The Moisture in the Soil at Time of Harvesting. 
The moisture was determined in all plats on the day of harve ting. 
The results of this work, which are presented in table N? 34, are closely 
as ociatecl v. ith the subject of the los of oil water. 
Date 
TABLE No. 34.-THE MOISTURE IN THE S OIL AT THE TIME OF H ARVESTING. 
Kind of Crop 
Ul 1-< ..... 
V C'd 
.o ·c 
Sf-! 
::s ..... 
Depth.of Soil (Foot Sections.) 
zo 1 2 I 3 I 4 I 5 I 6 I 7 I 8 I Av. 
Sept. 19 / Corn I 
Oct. 16 and 17 · Sugar Beets \ 
Oct. 1 I Potatoes 
July 31-Aug. 16 o.ats I 
Aug. 28-Sept. 3 1 Wheat 
Sept. 28 
Aug. 10 
Aug. 18 
Corn 
0 3.ts 
Wheat 
(-In 1902.) 
7 I 16.03 14.94 I 15.75 16.03114.64115.86 
17 1 10.92 11.03 1 12.14 13.21 12.60 11.41 
1 1 19.19 ' 20.62 / 20.20 18.49 18.63 20.62 
7 1 10.50 11.13 12.98 12.62\13.28 13.01 
20 I · 6.38 7.59 I 8.44 8.52 7.98 9.80 
(In 1903.) 
17 1 15 .81 114.71 1 15.93/15.90 1 15.781 14.52 / 
7 1 11.17 12.84. 1 12.71 12.86 /12.23 13.14 
_9 1 6.83 8.00 1 9.03 I 8.69 . 8.19 I 8.12 I 
14.89 14.89 
11.28 11.48 
20.62 19.96 
14.80 13.89 
11.33 10~93 I 
15.38 
11.97 
19.79 
·12.78 
8.87 
15 .44 
12.46 
8.14 
N 
trt 
00 
td 
c:::: [-i 
[-i 
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It is quite evident, fromo a study of this table that there is a large dif-
ference in the amounts of water left in the soil by different crops. According 
to the table, wheat leaves least, and potatoes and corn most wateOr in the soil, . 
at the time of harvesting. The differences are noticeable not 0 only in the 
average per cent, but also in the per cent of moisture in every section down 
to the full depth reached by the auger. By arranging the crops according to 
the water left by them in the soil at the time of harvesting, and beginning 
with the crop that leaves lea t , the following order results: 
1. Wheat 
2. Sugar Beets 
3. Oats 
4. 0 Corn 
s. Potatoes 
This order undoubtedly represents the relativ~ powers of the crops to 
abstract water from the soil, except possibly in the case. of . beets, which 
were allowed to remain in the ground until after some light autumn rains 
had fallen. It is worthy of note that this is nearly the order of the rate 
at which water is removed from the soil by these crops. 
In an irrigated region, rotation of crops should be practiced with a view 
not only to the maintenance of soil fertility, but also to the best use of the 
water that enters the soil. A rotation of crops for irrigated countries, when 
properly arr~nged, must therefore consider the amount of water left in the 
soil by different crops at the time of harvesting. 
31. The Moisture in the Soil in Early Spring. 
This subject, which is of the highest importance in irrigation farming, 
has been somewhat fully treated in Bulletin 104 of this Station. The time 
of the first irrigation and the total amount of water required by crops de-
pend very largely upon th~ amount of the winter precipitation which is 
stored in the soil at the time plant growth begins. 
. As has been shown, the distribution of water in early spring is similar 
to that occurring immediately after an irrigation. If theo aver;:tge per cent 
of soil moisture in the spring to a depth of 8 feet is about 18%, and if plants 
can not ordinarily exhaust the Greenvi11~ soil below 10% , there is a ·probable 
maximum of 8 o/c of available soil water to a depth of 8 feet , or about 9.36 
inches. This is approximately oequal to three light irrigations, or two medium 
ones. 
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32. The Wa ter in the Soil at the Time of th e· First Irr-igat'icn. 
. Except in the cases in which . the plans of work called for new and un-
usual methods of irrigation, all the experimental plats were first irriga'ted 
about the time when, to the eye of the farmer, the crops began to show the 
need of water. Table No. 35 gives the determination of water in the soil 
made just before the first irrigation. 
T .\ KTi\G OTL . . \ MPLES. FrR. T ST. \ .E . 
, 
T .\II LE :\ 0. 3~.-rE r~ CENT OF VV:\TER l_N THE SOIL AT l'IME OF FIRST IRRIGATION. 
~ "fJ 
Q)~ 
t:J '" s·: ~E-4 
Z .... 
Date Crop 
Depth of Soil. (Foot Sections.) 
~ 8IAv.for8ft. 2 . I 3 I 4 
~---------~--~---~ (In 1902. ) 
6 I 7 5 
· .. \Ju ne 19-261Corn I 14-.0) I 14.3~ 16.15 15.81 13.94 13.54 14.00 13.21 14.3:-> 
· .. J une .24-25 Sugar Beets i 13.05 I 15.11 16.82 16.48 14.96 14.23 - 12.59 12.53 14.62 
· .. /June 24-25 Potatoes i 12.87 I 14.58 16.64 16.08 14.26 14.02 13.30 14.12 14.48 
· . . ] tine 24-25 Oats I 7.21 I 7.54 9.25 13.89 14.12 13.10 14.37 13.49 11.63 
-. . . June 24-25 Wheat I 7.42 I 8.72 10.92 13.19 12.44 12.39 12.63 12.61 11.25 
--_ .. _------
(In 1903. ) I Av. for 6 ft. 
2 Uune 15-171Bromus Inermis I 13.29112.721 14.94 12.03 13.55 10.97 .. , . 
... · 1 12.92 2 Jtlne 15-17 Timothy I 15.68 15.44 16.1 6 15.44 15.78 15.95 15.74 
2 /June 15-17 /rtali an Rye Grassi 13.83 I 13.26 14.06 14.68 13.27 
. . .. . . . . 
14.06 .... 13.86 
2 1June 15-17 \Orchard Grass \ 12.40 I 13.77/ 16.86 15.73 14.58 12.28 ... . . ... 14.27 
4 June 15-22 1 Lucern I 7.99 I 7.95 7.95 7.96 7;04 6.20 .. .. . . . . 7.52 
3 Ju ::e 19 IPea3 I 7.77 I 10.96 14.20 14.71 14.61 13.47 ... . .. , . 12.62 
3 !June 19 IBare I 15.90 I 16.83 I 18.28 I 17.27 13.65 12.93 . . .. . ... 15 .81 
5 IJune 18-23 10ats • I 7.87 I 8.24 I 10.22 / 13.89 13.79 13.03 0 ° ••• . . . . 11.17 
10 IJune 20-23 1 Potatoes ! 14.56 I 16.78/ 16.94 16.48/ 13.72 13.63 
.... I .. · .. 1 15.35 
17 IJune 17-25 1Wheat I _ 8.77 I 9 .1 6 10.~1 I 12.42 12.11 11.74 .... . ... 10.72 
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The data of this table shows clearly that about June 24th, lucern, oats, 
wheat and Brome grass had ea~h reduced the soil water more than had corn, 
ugar beets or potatoe . This difference is l.md(;)Ubtedly clue, in a large 
measure, to the later stage of growth of the wheat and oats, than of the 
other crops. This conclusion is practically the same as that drawn from the 
work done in 1901.* 
For the sake of comparison table No. 36 is inserted. It ttmtains the 
average results of nearly all soil moi ture determinations·, made just before 
irrigation. 
TABLE O. 36.-AVERAGE PER CENT OF W ATER IN SOIL JUST BEFORE 
IRRIGATIONS. 
:\ umber DeDth of Soil (Foot Sections.) 
of Trials ---,-----=-=Y=--ea-r-----:-I 1 1 2 1 3 I 4 I 5 I 6 I 7 ' 1 8 1 Av. 
182 1902 111.05 112.36113.97114.72113.78113.30113.22112.89113.17 
50 1903 111 .81 112.51 114.00114.06113.21112.431 .... 1. .... 113.00 
The great uniformity of these results during the two experimental years 
is really remarkable. It may be ~oncluded from the two preceding tables that 
when a soil of the Greenville Farm , contain about 11 % of water to a depth 
of 8 feet, irrigation is very essential; and ordinarily, 1~% should require 
an irrigation. The amount of water in the soil when wilting occurs is proba-
bly considerably lower than the 11 per cent. 
It may be concluded from these data that, when soils of the Greenville 
type carryi,ng growing crops contain about 11 per cent of moisture to a depth 
of 8 feet, they should be irrigated. The per cent of water in the soil at which 
wilting of growing plants occurs is probably somewhat lower.** 
. . 
The variation in the per cent of soil moisture just before the first irri-
gation , as depending on the kind of crop, shows with emphasis that the 
amount of soil water lost by transpiration through the plant, is quite diff-
ferent from the amount lost by direct evaporation from the soil. Were this 
not so, the per cent of moisture in the soil on any O"iven date before the first 
irrigation would be more nearly uniform in .the different plats. 
*Bulletin No. 80-pp. 87-89. 
. 
** A s this bulletin i going th rough the pres , Bu lletin 230, Bureau of Plant 
Indu try, . S. D . A. by Briggs a~d Sh antz, is received, in which it i shown that 
the wilt in g coefficient is about on e and one-half time the hygroscopic coeffic ient 
or about 7.5 per cent on Greenville ,soil. 
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33. The Loss of Water in Fur.row hrigation 
In the discussion of the lateral movement of soil water it was shown 
that the soil under the furrow is always wetter than the soil under the row, 
to a depth of three feet; beyond that depth there is little difference between 
the soil under the row and that under the furrow. Table No. 37 shows the 
actual per cents of water, under row and furrow, just before irrigation, and 
during the 21 days immediately following irrigation. 
TAKING SOIL SAMPLES. LAST STAGE. 
TABLE No. 37.-THE PER CENT OF WATER IN SOILS IRRIGATED BY THE FURROW METHOD. 
T ime of 
Sampling 
Before / 
Irrigation ' 
1 
1 day after 1 
Irrigation 
7 clays after 1 
I rrigation \ 
14 days after / 
Irrigation 
I 
. 21 clays after 1 
Irrigation 1 
1 
I-<~ 
<I.) C1:l 
.,D ·C 
8f--l 
::s ....... 
o 
3 
3 
8 
8 
5 
5 
7 
7 
4 
4 
R ow or 
F urrow 
/ Furrow 
Row 
I· 
1 I Difference 1 
1 F urrow 1 
1 Row . 1 
1 Difference 1 
1 Furrow 1 
1 R ow 1 
1 Difference 1 
1 
10.45 1 
9.581 
0.87 1 
. 23.81 1 
21.181 
2.631 
'17.561 
14.261 
3.301 
/ F urrow I. 13.681 
Row 1 15.96 1 
1 Difference 1 +2.281 
/ Furrow 1 10.04 1 
Row 1 11.861 
1 Difference 1 +1.8°1 
1902. 
Depth of Soil ( Foot Sections ) 
2 3 I 4 1 5 I 6 I 7 8 1 Av. 
h Z5 1 14.94 14.981 . 15.511 13.71 1 1Z.471 11.981 13.41 11.63 13.78 14.62 \ 15.63 15.06[ 12.03 12.16 1 13.07 
1.62 1.16 0.36 +0.12 +1.35 0.44 +0.181 0.34 
21.25 20.78 19.32 1 17.891 15.431 14.69 1 13.591 18.35 20.05 20.49 19.09 1 17.87 15.63 13.93 1 13.40 17.71 
1.20 0.29 0.23 0 .02 +0.20 0.76 1 0.19 0.64 
18.04 / 18.74 17.68 1 17.49 13.88 13.25 1 13.141 16.22 
17.23 18.81 18.25/ 18.18 14.90 13.94 / 13.86 \ 16.18 
0.81 1 +0.07 +0.57 +0.69 +1.02 +0.69 +0.72 +0.21 
15.381 16.68 1 16.81 1 15 .921 13.721 13.41 1 13.401 14.59 
14.121 16.38 1 16.121 16.22 1 14.75 / 13.261 12.55 / 14.74 
1.261 0.30 0.69 +0.301 +1.03 0.15 1 0.85 +0.15 
12.34 / 14.29 1 14.67/ . J5.27 1 12.78 / 12.031 12.721 13.02 
10.75 13.68 \ 14.61 14.89 \ 13.89 12.13 1 11.701 12.93 
1.59 \ 0.61 0.06 1 0.38 +1.111 +0.101 1.02 1 0 .09 
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From a study 'of this table. it seems safe to infer that during the first 
two weeks after irrigation, the first two feet under the furrow are wetter 
than the corresponding sections under the row. Considering the av~rage 
per cent of water to a depth of 8 feet, however, it is observed that during the 
second and third weeks the soil under the row contains more water than 
does the soil under the furrow, though the differences are small. Immedi-
ately after irrigation, the soil under the furrow, to a depth of 8 feet , contains 
0.61 1Jt of water more than does the soil under the row. 
Now it has been shown that the wetter the soi.! , the more rapidly does it 
lose soil moisture; and also that, when the average per cents are about the 
same, but with more water in the top soil in one ca e than in another, the soil 
which has most water near the surface will lose water most rapidly. Since 
in the first week after irrigation the soil under the furrow contain a higher 
average per cent of water, and also a larger proportion in the top foot, and 
since in the second week it contains more in the first foot , though the average 
per cent is somewhat smaller, it miaht be expected that the loss of oil water 
during the first week would be much larger from soil below the furrow, and 
during the second week about the same. To test this opinion the data of table 
No. 37 have been recalculated so as to show the lo<:;s of water per square 
foot from rows and from furrow s, during the first three weeks after irriga-
tion . 
TABLE No. 38.-Loss OF WATER FROM Row AND FROM FURROW. 
Period After 
I 
Los of Water Amount of Number Row or Loss in Irrigation of Trial s F urrow per Square Ft. Furrow Over (D ays) (Pounds) Row (Lbs.) 
1-7 ' 13 F urrow 
. / 
12.95 
1-7 13 Row 7.78 5.17 
7-14 12 Furrow I 9.91 
7-14 . 12 Row I 10.28 - 0.37 
14-21 11 F urrow I 9.55 
14-21 11 Row · I 11.00 -1.45 
Total for 21 days ......... Furrow I 32.41 
Total fqr 21 days ......... Row I 29.06 3.35 
The data of table No. 38, fully confirm the view above stated. Durin a 
the first week,the furrow 10 t 5.17 Ib . per quare foot more than did the row ; 
during the second week. the row lost 1.45 lb . more than the furrow. For 
the whole period, the soil under the furrow lost 3.35 Ibs. more than did the 
row. 
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The conclusion may be drawn that plant roots can draw moisture with 
equal facility from soil under row or furrow, but that the rat~ of loss from 
the furrow during the first period after irrigation is larger than is that from 
the row. 
'Y' 
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K. SUMMARY. 
1. The soil on which the . work herein was ' done, was very deep and 
very uniform in physical and chemical composition. The results obtained 
apply primarily to such soils, which are characteristic of the arid .and semi-
arid regions. 
2. ' The work was done under 'cropped fi·eld · conditions, and under ~rue 
irrigation conditions, which means that only immediately after an irrigation 
was . any part of the 'soil saturated. 
3. The water used was exceedingly pure, containil1:g less than 375 parts 
of dissolved substances in one million parts of water. 
4. The maximum amount of water held by. the Greenville soil, against 
gravity under field conditions,was about 24 per cent (on dry basis) . 
5. The minimum amount of water held by the soil under field con-
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ditions was above 8 per ce'nt, except that the soil of the top foot dried out 
to 5.64 per cent. 
6. Irrigation was needed whenever the soil moisture fell below 12 
per cent. 
7. The degree to which water may be remove~ from the soil depends 
upon the kind of crop grown; and the degree of dryness at which irrigation 
is nessary likewise depends, in a limited measure, upon the kind of crop. 
8. Soil water was abstracted from below the depths of root penetration. 
9. Water applied in irrigation, whether of large or small amount, 
penetrated in the soil below the depth reached by augers, eight feet long. 
10. The per cent of soil water soon after an irrigation, was invariably 
largest in the top foot, and became smaller with increasing soil depth. 
11. Under given conditions of soil, crop, ' water, and time after irriga-
tion, the distribution' of the soil water is always th~ same. This implies the 
operation of a definite law governing the distribution of soil water. 
12. It would seem that the water added to a soil of the Greenville 
, type, up to about 12.75 per cent on the dry basis, is held very firmly by the 
soil, and can move only with great 'difficulty. Water added above this point, 
moves freely in obedience to capillary laws. 
13. It is suggested that the point below which capillary movements 
become sluggish be called the point of lento-capillarity. 
14. It would appear that water added to a soil above the poin~ of lentc-
capillarity, is distributed through the soil inversely with the distance fro~ 
the source of supply, which is the zone of wettest soil. This law of dis-
tribution takes the form of the formula of the equilateral hyperbola. 
15. Plants' may use the soil water below the point of lento-capillarity, 
but not readily. 
' 16. Plants can not use any of the true hygroscopic water. 
17. The hygroscopic capacity depends largely on the amount of clay 
or other colloidal substances found in the soil. 
18. In soils of the Greenville type, under field conditions, there are 
several critical soil water points. 
The maximum capillary water content, which is about 24 per cent; the 
optimum water content, to a depth of 8 feet, about 18 per cent; the lento-
capillary point, about 12.75 per cent, and the hygroscopic capacity, about 6 
per cent. 
19. In furrow irrigation, the amounts of water, under row and furrow 
are unequal near the surface, but 'become more uniform at lower soil 
depths. This indicates that the lateral movement of soil water increases 
with the depth. 
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20. Evaporation from bare soils is large, but may be checked by 
early and thorough cultivation. 
21. On the Greenville Farm, under average conditions on cropped 
plats, a: little more water was taken from the soil by evaporation than 
by transpiration. 
22. The rate of loss of soil moisture from cropped soils "depends on 
a number of factors. 
23. The removal of water from the soil by transpiration varies with 
the e.ase with which water may be obtained, that is with the· amount of 
water in the soil at the beginning of an experiment. 
24. It would appear that the rate of loss of soil water va,ries directly 
with the cube root of the per cent of water in the soil above the point of 
lento-capillarity. 
25. The loss of soil water increases steadily, with t?e time after irriga-
tion. Moisture cOllserving methods should, therefore, be applied early. 
26. The relation of meteorological conditions to the rate of loss of soil 
water is important, but somewhat obscure. Temperature is probably the 
most important factor; then sunshine, alid then, relative humidity. 
27. The larger the per cent of water in the first foot, the more rapidly 
is water drawn from the soil. This is probably due in part to the larger' 
development of plant roots near the urface. 
28. Early maturing crops cause the highest rate of loss of soil moisture. 
29. Different crops leave different per. cents of water in the soil at the 
time of harvesting. 
30. The rate of loss of soil water varies with the age of the crop. 
Less water is used during the early and late periods than during the middle 
one. 
31. When water is abstracted from a soil, the :oss is felt by every foot 
to th.e depth reached by the augers. 
32. When a practical irrigator declared irrigation to be necessary, the 
soil was found to contain frqm year to year about 13 per cent o(water. 
